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TITLE OF THE INVENTION 
IMAGE CARRIER, METHOD FOR MANUFACTURING THE SAME, 
AND IMAGE FORMING APPARATUS USING THE SAME 

BACKGROUND OF THE INVENTION 
The present invention belongs to a technical field of an image 
forming apparatus which writes an electrostatic latent image onto an image 
carrier by writing electrodes of a writing device thereby to form an image 
and, particularly, to a technical field of an image forming apparatus which 
writes an electrostatic latent image onto an image carrier by charge 
injection between writing electrodes and the image carrier. 

An image forming apparatus of which an image carrier is charged 
by injecting charge directly to the image carrier on which a latent image 
will be formed has been proposed by Japanese Unexamined Patent 
Publication No. H6-3921. The image forming apparatus disclosed in this 
publication has a charge injection layer on a photo-conductive layer of a 
photosensitive drum. A contact charging member is in contact with the 
charge injection layer to inject charge to the charge injection layer, thereby 
uniformly charging the photosensitive drum. The charge injection layer is 
formed by a binder resin composed of a phosphazene resin and a 
conductive filler of Sn0 2 dispersed in the binder resin so as to have a 
predetermined thickness. 

As another conventional image forming apparatus, an image 
forming apparatus which employs electrodes as a writing device and writes 
an electrostatic latent image onto an image carrier by the electrodes has 
been proposed by Japanese Unexamined Patent Publication No. S59-33969. 
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The image forming apparatus disclosed in this publication comprises a 
large number of pin electrodes, and a recording drum which is a metallic 
drum having a dielectric layer formed on the surface thereof. All pin 
electrodes are driven to make discharge phenomenon between the pin 
electrodes and the recording drum which are spaced apart from the other, 
thereby forming a solid black latent image for every line onto the surface 
of the recording drum- 
As still another conventional image forming apparatus, an image 
forming apparatus which writes an electrostatic latent image onto a surface 
of a recording medium in the ion flow system as a writing device has been 
proposed in Japanese Unexamined Patent Publication No. H6-8510. The 
image forming apparatus disclosed in this publication comprises a corona 
charger and an aperture electrode which controls a flow of corona ions 
generated from wires of the corona charger. In the apparatus, an 
electrostatic latent image is formed on the surface of the recording medium 
by the controlled ion flow. 

As for the image carrier disclosed in the aforementioned Japanese 
Unexamined Patent Publication H6-3921, the charge injection layer is 
formed in a wide range of the photo-conductive layer of the photosensitive 
drum and the conductive filler of Sn0 2 is dispersed in the binder resin. 
When the dispersed amount of Sn0 2 is too large, the surface resistivity of 
the charge injection layer should be too low, leading to drifts of latent 
image charge. On the other hand, when the dispersed amount of Sn0 2 is 
too small, the surface of the charge injection layer has poor exposure of 
Sn0 2 , leading to poor injection of charge and thereby partially producing 
insufficient charged portions. Therefore, there are disadvantages that the 



lateral leakage of latent image charge can not be securely prevented, that 
the setting of dispersed amount of Sn0 2 is troublesome, that the stable 
charge is hardly achieved, and that the manufacturing of this image carrier 
is difficult. 

On the other hand, in either of the image forming apparatuses 
disclosed in Japanese Unexamined Patent Publication No. S59-33969 and 
Japanese Unexamined Patent Publication No. H6-8510, writing is 
conducted by using discharge phenomenon so that the voltage to be 
applied should be very high. Since ion functions the role of the carrier, 
ionization due to the discharge phenomenon depends on the environmental 
conditions such as temperature and humidity. Variation in ionization may 
distort the positions of a latent image to be written. Therefore, there is a 
disadvantage that it is hardly stably charged. 

SUMMARY OF THE INVENTION 
The present invention was made in the light of the above described 
problems and the object of the present invention is to provide an image 
carrier which is capable of securely preventing the leakage of charge in 
lateral direction so as to stably conduct the application or removal of 
charge and which can be easily manufactured. 

To solve the aforementioned problems, an image carrier of the 
present invention comprises a dielectric layer, wherein charge is 
transferred between said dielectric layer and a charge-transfer controlling 
means so as to apply charge to or remove charge from said dielectric layer, 
and is characterized in that said dielectric layer has a low-resistance layer 
formed on the outer surface thereof, said low-resistance layer comprises a 
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large number of conductive portions, charge is transferred between said 
conductive portions and said charge-transfer controlling means so as to 
apply charge to or remove charge from said conductive portions, and said 
conductive portions are arranged to be dispersed separately from each 
other. 

The image carrier of the present invention is further characterized 
in that said conductive portions are a large number of dots which are 
dispersedly arranged, that said large number of conductive portions are at 
least partially exposed on the surface of said low-resistance layer, that the 
electric resistance of said low-resistance layer is anisotropic in such a 
manner as to satisfy "resistance in a direction perpendicular to the plane 
direction of said low-resistance layer (i.e. in vertical direction) < resistance 
in the plane direction of said low-resistance layer (i.e. in lateral direction)", 
and that the thickness of said low-resistance layer is set to be 1 \xm or less. 

According to the image carrier of the present invention, since the 
large number of conductive portions which are separately and dispersedly 
formed in the outer surface of the dielectric layer and the application or 
removal of charge can be conducted dominantly by charge injection 
between the conductive portions and the charge-transfer controlling means, 
the voltage to be applied can be significantly reduced as compared with the 
conventional device which applies or removes charge by discharge 
phenomenon. 

Since a large number of the conductive portions are separately 
dispersed, charge applied to the conductive portions can be prevented from 
leaking in the lateral direction and charge on charged conductive portions 
can be prevented from leaking i.e. from moving to another conductive 
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portion. Therefore, stable application or removal of charge relative to the 
image carrier can be conducted by charge injection. 

Particularly, since the conductive portions are a large number of 
dots separately dispersed, the stable application or removal of charge can 
be conducted with higher precision. Further, the large number of 
conductive portions are partially exposed, thereby further reliably 
conducting the stable application or removal of charge relative to the 
image carrier. 

Since the electric resistance of the low-resistance layer of the image 
carrier is set such that the resistance in the vertical direction is smaller than 
the resistance in the lateral direction, the leakage of charge in the lateral 
direction can be further securely prevented in the low-resistance layer so 
that charge can be effectively transferred between the charge-transfer 
controlling means and the low-resistance layer, thereby achieving the 
reliable application or removal of charge relative to the image carrier. 

Since the thickness of the low-resistance layer is set to be 1 \im or 
less, the electric resistance can be easily set such that the difference 
between the resistance in the lateral direction and the resistance in the 
vertical direction is enlarged by just forming the low-resistance layer to 
have a small thickness. Therefore, the potential contrast of the electrostatic 
latent image can be larger, thereby further improving the precision in 
writing latent images. 

On the other hand, the method of manufacturing the image carrier 
of the present invention comprises previously forming a large number of 
concavities in the outer surface of the dielectric layer so that the 
concavities are dispersed separately from each other, coating conductive 
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material onto the surface of the dielectric layer formed with the concavities, 
and then grinding the coated conductive material. According to this 
method, the large number of conductive portions separately dispersed can 
be easily formed. Therefore, the image carrier can be easily manufactured. 

In the another method of manufacturing the image carrier of the 
present invention, a liquid, prepared by dispersing conductive particles 
dispersed into the predetermined liquid, is splayed onto predetermined 
positions of the outer surface of a image carrier made of an insulating 
material which is soluble relative to the predetermined liquid, thereby 
forming the conductive portions. Also according to this method, the large 
number of conductive portions separately dispersed can be easily formed. 
Therefore, the image carrier can be easily manufactured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an illustration schematically showing the basic structure of 
an image forming apparatus employing an embodiment of the image carrier 
according to the present invention; 

Fig. 2 is a perspective view partially illustrating the basic structure 
of the image forming apparatus shown in Fig. 1; 

Figs. 3(a), 3(b) show an embodiment of the image carrier according 
to the present invention, wherein Fig. 3(a) is a plan view thereof and Fig. 
3(b) is a sectional view taken along a transverse direction of Fig. 3(a); 

Figs. 4(a)-4(g) are illustrations for explaining an example of 
methods for manufacturing the image carrier according to the present 
invention; 

Figs. 5(a)-5(c) are illustrations for explaining another example of 



methods for manufacturing the image carrier according to the present 
invention; 

Figs. 6(a), 6(b) show partially the image carrier, wherein Fig. 6(a) 
is an illustration for explaining an example of methods for setting the 
resistance in the vertical direction to be lower than the resistance in the 
lateral direction, and Fig. 6(b) is an illustration for explaining another 
example of methods for setting the resistance in the vertical direction to be 
lower than the resistance in the lateral direction; 

Figs. 7(a), 7(b) show a variation of the image carrier in the image 
forming apparatus of the present invention, wherein Fig. 7(a) is a plan 
view and Fig. 7(b) is a sectional view taken along a transverse direction of 
Fig. 7(a); 

Figs. 8(a), 8(b) show further another embodiment of the present 
invention, wherein Fig. 8(a) is a sectional view partially showing the 
section along the axial direction of the image carrier and Fig. 8(b) is an 
illustration partially showing the outer surface of the image carrier; 

Figs. 9(a), 9(b) show still further embodiment of the present 
invention, wherein Fig. 9(a) is a sectional view partially showing the 
section along the axial direction of the image carrier and Fig. 9(b) is an 
illustration partially showing the outer surface of the image carrier; 

Fig. 10 is an illustration for illustrating the array pattern for the 
writing electrodes and the wiring pattern for drivers; 

Fig. 11 is a diagram showing a switching circuit for switching the 
voltage to be applied to electrodes between the predetermined voltage V 0 
and the ground voltage Vi; 

Figs. 12(a)-12(c) show profiles when the supply voltage for each 
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electrode is selectively controlled into the predetermined voltage V 0 or the 
ground voltage V] by switching operation of the corresponding high 
voltage switch, wherein Fig. 12(a) is a diagram showing the voltage 
profiles of the respective electrodes, Fig. 12(b) is a diagram showing a 
developing powder image obtained by normal developing with the voltage 
profiles shown in Fig. 12(a), and Fig. 12(c) is a diagram showing a 
developing powder image obtained by reverse developing with the voltage 
profiles shown in Fig. 12(a); 

Fig. 13 is a diagram schematically illustrating a concrete example 

(1) of writing electrodes and an image carrier in the image forming 
apparatus of the present invention and showing surface potential of the 
image carrier when writing; 

Fig. 14 is a diagram schematically illustrating a concrete example 

(2) of writing electrodes and an image carrier in the image forming 
apparatus of the present invention and showing surface potential of the 
image carrier when writing; 

Fig. 15 is an illustration for explaining the relation between the 
writing electrodes and conductive micro particles in a charge injection 
layer; 

Figs. 16(a), 16(b) show another embodiment of the image carrier of 
the present invention, wherein Fig. 16(a) is a sectional view taken along a 
line A- A in Fig. 16(b) and Fig. 16(b) is a plan view thereof; 

Figs. 17(a), 17(b) show another embodiment of the image carrier of 
the present invention, wherein Fig. 17(a) is a sectional view taken along a 
line A- A in Fig. 17(b) and Fig. 17(b) is a plan view thereof; 

Figs. 18(a)-18(h) are illustrations each showing an example of the 
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basic process of forming an image in the image forming apparatus of the 
present invention; 

Fig. 19(A) is a schematic illustration showing the function of a 
charge injection layer through application or removal of charge of the 
writing electrodes of the writing device, Fig. 19(B) is a graph showing the 
relation between the voltage applied to electrodes and the surface potential 
of the charge injection layer, Fig. 19(C) is an illustration for explaining the 
writing time; 

Figs. 20(A), 20(B) show a comparative example relative to the 
present invention, wherein Fig. 20(A) is a schematic illustration showing 
the function of a case without charge injection layer in Fig. 19(A) and Fig. 
20(B) is a graph showing the relation between the voltage applied to 
electrodes and the surface potential of a dielectric layer; 

Fig. 21 is a schematic illustration for explaining the characteristic 
of the present invention; 

Fig. 22 is an illustration for explaining an embodiment of the 
present invention; 

Fig. 23 is an illustration for explaining another embodiment of the 
present invention; 

Figs. 24(A), 24(B) are diagrams for explaining the condition in 
thickness of the charge injection layer for a stripe gray-reproducing 
pattern; 

Figs. 25(A), 25(B) are diagrams for explaining the condition in 
thickness of the charge injection layer for a dot gray-reproducing pattern; 

Figs. 26(A), 26(B) are diagrams for explaining the condition in 
thickness of the charge injection layer for a dot gray-reproducing pattern; 
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Figs. 27(A)-27(C) show array patterns for arranging the writing 
electrodes of the writing device according to the present invention ; 

Figs. 28(A)-28(C) show another example of the image forming 
apparatus of the present invention, wherein Fig. 28(A) is a schematic 
illustration showing the function of a charge injection layer through 
application or removal of charge of the writing electrodes of the writing 
device, Fig. 28(B) is a graph showing the relation between the voltage 
applied to electrodes and the surface potential of the charge injection layer, 
and Fig. 28(C) is an illustration for explaining the writing time; 

Fig. 29 is a schematic illustration for explaining a problem of the 
embodiment shown in Figs. 28(A)-28(C); 

Figs. 30(A)-30(B) are illustrations schematically showing another 
embodiment of the image forming apparatus employing the writing device 
of the present invention; 

Fig. 31 is an illustration schematically showing another 
embodiment of the image forming apparatus employing the writing device 
of the present invention; 

Fig. 32 is an illustration schematically showing another 
embodiment of the image forming apparatus employing the writing device 
of the present invention; and 

Fig. 33 is an illustration schematically showing another 
embodiment of the image forming apparatus employing the writing device 
of the present invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The embodiments of the present invention will be described 
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hereinafter with reference to the drawings. 

Fig. 1 is an illustration schematically showing the basic structure of 
an image forming apparatus employing an embodiment of the image carrier 
according to the present invention, and Fig. 2 is a perspective view 
partially illustrating the basic structure of the image forming apparatus 
shown in Fig. 1. 

As shown in Fig. 1, an image forming apparatus 1 of this 
embodiment comprises, at least, an image carrier 2 on which an 
electrostatic latent image and a developing powder image are formed, a 
writing device 3 which is arranged in contact with the image carrier 2 to 
write the electrostatic latent image onto the image carrier 2, a developing 
device 4 which develops the electrostatic latent image on the image carrier 
2 with developing powder carried by a developing roller 4a, and a 
transferring device 6 which transfers the developing power image on the 
image carrier 2 developed by the developing device to a receiving medium 
5 such as a paper by a transferring roller 6a. 

As shown in Fig. 2, the image carrier 2 is formed in a drum shape 
having a multi-layer structure comprising a conductive substrate 2a which 
is made of a conductive material such as aluminium, positioned near the 
axis of the image carrier 2, and grounded, a dielectric layer 2b formed on 
the outer surface of the conductive substrate 2a, and a low-resistance layer 
having a large number of conductive portions 2c formed on the outer 
surface of the dielectric layer 2b. It should be noted that the image carrier 2 
may be formed in a belt shape. 

As shown in Figs. 3(a) and 3(b), the large number of conductive 
portions 2c are formed just like islands (hereinafter, sometimes called as 
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"islands-in-sea structure") on the outer surface of the dielectric layer 2b in 
such a manner that these conductive portions 2c are electrically separated 
from, independent of each other, and dispersed from each other. That is, a 
number of indented concavities 2bi are formed to be dispersed separately 
from each other in the outer surface of the dielectric layer 2b and a 
conductive material 2C] (shown in Figs. 4(a)-4(g) as will be described 
later) such as a conductive resin or a conductive filler is filled in the 
indented concavities 2b l5 thereby forming the conductive portions 2c, just 
like islands in the sea, on the outer surface of the dielectric layer 2b, the 
conductive portions 2c being composed of local conductive portions 
dispersed separately from each other. 

Parts of the large number of conductive portions 2c may be 
exposed on the surface of the dielectric layer 2b and the other parts may be 
embedded in the surface of the dielectric layer 2b. That is, the conductive 
portions 2c are provided in such a manner that at least parts thereof are 
exposed on the surface. The exposed parts of the conductive portions 2c 
ensure the stable application or removal of charge relative to the image 
carrier. 

The dielectric layer 2b exhibits a role as the inside of a condenser 
and has a function of placing charge to the image carrier 2 in a spot manner. 
Therefore, the dielectric layer 2b is preferably set to have electric 
resistance of 10 16 Q or less. As examples of the material for the dielectric 
layer 2b, there are polyester resin, polycarbonate resin, polyethylene resin, 
fluoride resin, cellulose, vinyl chloride resin, polyurethane resin, acrylic 
resin, epoxy resin, silicone resin, alkyd resin, vinyl chloride-vinyl acetate 
copolymer resin, polyamide resin (nylon), and the like. 
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The material for the conductive portions 2c is a material of which 
resistance is in a range lower than the resistance of the dielectric layer 2b 
which is about 10 10 Q in maximum. In this case, too large electric 
resistance of the conductive portions 2c leads to defect in writing of an 
latent image due to some delay of writing. Therefore, the electric resistance 
of the conductive portions 2c is preferably lower as the process speed is 
increased. 

As the material used for the conductive portions 2c, conductive 
resin or conductive filler can be employed. As the material used as the 
conductive resin and the conductive filler, a conductive high-molecular 
powder such as a high-molecular complex made of polyacetylene doped 
with iodine, a high-molecular complex made of polythiopene doped with 
iodine, and a high-molecular complex made of polypyrrole doped with 
iodine, and a combination thereof may be employed. In this case, the 
content of conductive particles/conductive filler is from 10 to 100 % by 
weight for regulating the resistance. 

The charge injection between the conductive portions 2c and the 
writing electrodes 3b is conducted by the contact of the writing electrodes 
(corresponding to the charge-transfer controlling means of the present 
invention) 3b with the plurality of conductive portions 2c. It should be 
understood that there are a case where charge is injected (transferred) from 
the writing electrodes 3 b to the conductive portions 2c and a case where 
charge is injected (transferred) from the conductive portions 2c to the 
writing electrodes 3b and that the former case means that charge is applied 
to the image carrier and the latter case means that charge is removed from 
the image carrier 2. 
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The electric resistance of each conductive portion 2c is set to 
satisfy "electric resistance in vertical direction (i.e. the depth direction 
perpendicular to the plane direction of the conductive portion 2c) < electric 
resistance in lateral direction (i.e. the plane direction of the conductive 
portion 2c) That is, the conductive portions are anisotropic, thereby 
making the lateral movement of charge difficult, i.e. making the leakage 
difficult during charge injection between the writing electrodes 3b and the 
conductive portion 2c. Therefore, charge can be effectively transferred in 
the vertical direction. This ensures the application of charge and the 
removal of charge relative to the image carrier 2. 

In this case, it is preferable that the difference between the electro 
resistance in lateral direction and the electro resistance in vertical direction 
(the ratio of lateral resistance/vertical resistance) is larger. Further, a 
relation "the ratio of lateral resistance /vertical resistance > 10 5 " is 
preferable. 

Now, description will be made as regard to the method for 
manufacturing the image carrier 2 having the aforementioned structure. 

Figs. 4(a)-4(g) are illustrations for explaining an example of 
methods for manufacturing the image carrier according to the present 
invention. 

First, as shown in Fig. 4(a), a conductive substrate 2a of a 
conductive material such as Al is prepared. As shown in Fig. 4(b), a 
dielectric layer 2b is formed onto the conductive substrate 2a by coating. 
Then, as shown in Fig. 4(c), a large number of concavities 2b u which are 
suitably rough and dispersed separately from each other, are formed in the 
outer surface of the dielectric layer 2b by surface treatment such as 
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blasting the surface of the dielectric layer 2b. During this process, the 
concavities 2b i may be aligned or formed at random, just in such a manner 
that they are separately dispersed. 

Then, as shown in Fig. 4(d), a conductive material 2cisuch as a 
conductive resin or a conductive filler is coated on the surface of the 
dielectric layer 2b with the concavities 2b]. After that, as shown in Fig. 
4(e), at least a surface of the coated conductive material 2ci is ground such 
that the conductive material 2C] remains in the concavities 2b i, thereby 
forming a large number of local conductive portions. In this manner, the 
latent carrier 2 is formed which has the dielectric layer 2b of a 
predetermined thickness (for example, 10-30 \xm) formed on the 
conductive substrate 2a, and the large number of local conductive portions 
i.e. the conductive portions 2c separately and dispersedly formed in the 
surface of the dielectric layer 2b as shown in Fig. 4(f). 

In this case, as shown in Fig. 4(g), the surface area Ax of each 
conductive portion 2c is set to be smaller than the contact area A 2 of each 
writing electrode 3b when the writing electrode 3b is in contact with the 
surface of the dielectric layer 2b and also smaller than the contact area A 3 
of toner supplied from the developing device 4 to the surface of the 
dielectric layer 2b. 

Figs. 5(a)-5(c) are illustrations for explaining another example of 
methods for manufacturing the image carrier according to the present 
invention. 

First, as shown in Fig. 5(a), a conductive substrate 2a of a 
conductive material such as Al is prepared. As shown in Fig. 5(b), a large 
number of concavities 2ai, which are suitably rough and dispersed 
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separately from each other, are formed in the outer surface of the 
conductive substrate 2a by surface treatment such as blasting the surface of 
the conductive substrate 2a. Then, as shown in Fig. 5(c), a dielectric layer 
2b is formed on the conductive substrate 2a by coating. At this point, 
stable surface roughness is formed in the surface of the dielectric layer 2b 
corresponding to the concavities 2ai of the conductive substrate 2a so that 
the dielectric layer 2b is formed with a large number of concavities 2b i 
which are dispersed separately from each other. After that, the same or 
similar processes as those shown in Figs. 4(d)-4(f) are conducted so as to 
form a large number of local conductive portions, i.e. conductive portions 
2c, which are separately dispersed, in the respective concavities 2bi. 

In this case, similarly to the above case, the surface area Ai of each 
conductive portion 2c is set to be smaller than the contact area A 2 of each 
writing electrode 3b when the writing electrode 3b is in contact with the 
surface of the dielectric layer 2b and also smaller than the contact area A 3 
of toner supplied from the developing device 4 to the surface of the 
dielectric layer 2b. 

In the examples shown in Figs. 4(d)-4(f) and Figs. 5(a)-5(c), 
though the conductive material 2ci such as conductive resin and 
conductive filler is coated on the surface of the dielectric layer 2b, the 
present invention is not limited thereto so that other materials may be 
employed. For example, as the conductive material 2ci, a paint (coat) 
composed of a binder resin and conductive particles or conductive filler of 
a suitable amount to be dispersed in the binder resin may be used, so this 
paint is coated on the surface of the dielectric layer 2b formed with the 
concavities 2a! , and then the resultant coating layer is ground, thereby 
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forming the latent carrier 2 is formed which has the dielectric layer 2b 
formed on the conductive substrate 2a, and the local conductive portions 
i.e. the conductive portions 2c separately and dispersedly formed in the 
surface of the dielectric layer 2b. 

In this case, as examples of the material used as the binder resin, 
there are polyester resin, polycarbonate resin, polyethylene resin, fluoride 
resin, cellulose, vinyl chloride resin, polyurethane resin, acrylic resin, 
epoxy resin, silicone resin, alkyd resin, vinyl chloride-vinyl acetate 
copolymer resin, polyamide resin (nylon), and the like. As examples of the 
material used as the conductive particles/conductive filler, there are 
metallic powder of Cu, Al, or Ni, metallic oxide powder of ZnO, tin oxide, 
antimony oxide, or Ti0 2 (treated to have conductivity), conductive 
high-molecular powder such as a high-molecular complex made of 
polyacetylene doped with iodine, a high-molecular complex made of 
polythiopene doped with iodine, and a high-molecular complex made of 
polypyrrole doped with iodine, and a combination thereof. In this case, the 
content of conductive particles/conductive filler is from 10 to 100 % by 
weight for regulating the resistance. 

In case of the conductive portions 2c with uniform dispersal 
obtained by a binder dispersant method as shown in Table 1, smaller 
thickness of the conductive portions 2c facilitates the achievement of 
anisotropy in the resistance. 
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Table 1 

Comparison of vertical and lateral resistances according to the thickness of conductive 
layers as test pieces of volume resistivity = 1.0 x 10 10 (Q.cm) 



Thickness (\im) 


Vertical Electric 
Resistance (Q) 


Lateral Electric 
Resistance (Q) 


Ratio of Resistance 
(Lateral/Vertical) 


1 


1.0 x 10 6 


1.0 x 10 14 


10* 


10 


1.0 x 10 7 


1.0 x 10 13 


10 6 1 


100 


1.0 x 10* 


1.0 x 10 12 


10 4 



Values shown in Table 1 are results of the measurements of 
resistances. A poly amide resin {FR-104 (trade code) available from 
Namariichi Chemical Industrial Co., Ltd.} as the binder resin, and a 
conductive titanium dioxide as the conductive filler {EC-300 (trade code) 
available from Titan Kogyo K.K.} were mixed in the ratio by weight of 
1:1.3, dispersed by ultrasonic vibration technique with ethanol solvent, and 
applied on a substrate of Al to form layers of 1-100 nm in thickness. The 
measurements were made for the resultant layers by using a "HIRESTA" 
manufactured by Mitsubishi Petrochemical Co., Ltd.. 

As for each layer, the volume resistivity and the surface resistivity 
were measured by the HIRESTA. The vertical resistance and the lateral 
resistance can be calculated from the measured values of the volume 
resistivity and the surface resistivity, the thickness of the layer, and the 
surface area of the electrodes of the HIRESTA. The results are generally as 
shown in Table 1. It can be found also from experiments as will be 
described later that the conductive portions 2c of smaller thickness are 
advantageous in improving the precision for writing latent images. Even 
with thickness more than 1 [xm, the conductive portions 2c can apply or 
remove charge as desired, but the thickness is preferably set to be smaller 
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than 1 |xm. 

To set the electric resistivity of the charge injection layer 2c to 
satisfy "electric resistance in vertical direction < electric resistance in 
lateral direction", the charge injection layer 2c is formed in such a manner 
that conductive particles are as continuously aligned in the vertical 
direction from the surface thereof to the dielectric layer 2b as possible as 
shown in Fig. 6(a). Even when the conductive material has conductive 
particles having needle-like crystals like titanium dioxide, the charge 
injection layer 2c is formed in such a manner that the particles are as 
continuously aligned in the vertical direction as possible, similarly to the 
above case, as shown in Fig. 6(b). A plurality of lines of conductive 
particles which are aligned vertically as described above are separately 
dispersed, that is, are arranged in a matrix structure (described later). 

As shown in Figs. 7(a) and 7(b), the conductive portions 2c may be 
formed by spraying a liquid, prepared by dispersing conductive particles in 
the alkali liquid, onto an insulating binder layer 2d (a part of the dielectric 
layer 2b), as the outermost layer of the image carrier which is soluble 
relative to alkali, at equal intervals defined by the ink jet printing method. 
Besides the alkaline liquid and the insulating binder layer which is soluble 
relative to alkali, it should be noted that a liquid of another kind and a 
dielectric layer 2b made of an insulating material which is soluble relative 
to the liquid may be employed. 

In the aforementioned islands-in-sea structure, a large number of 
conductive portions 2c which are separately dispersed can be formed in the 
outer surface of the dielectric layer 2b in another method besides the 
aforementioned methods. 
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Charge injection between the writing electrodes 3b of the writing 
device 3 and the conductive portions 2c can be conducted dominantly by 
contacts of the writing electrodes 3b of the writing device 3 with the 
conductive portions 2c. Though the description will be made on the 
assumption that the conductive substrate 2a of the image carrier 2 is 
grounded, this assumption is just for facilitation of explanation. The 
present invention is not limited to the condition that the conductive 
substrate 2a of the image carrier 2 is grounded, a voltage of lower absolute 
value than the absolute value of the predetermined voltage V 0 to be applied 
for writing may be applied to the conductive substrate 2a as described 
later. 

As shown in Fig. 2, the electric writing device 3 comprises a 
flexible substrate 3a, having high insulation property and being relatively 
soft and elastic, such as a FPC (Flexible Print Circuit) or a PET 
(polyethylene terephthalate: hereinafter, referred to as !, PET M ) film, a 
plurality of writing electrodes 3b which are supported by the substrate 3a 
and which are pressed lightly against the image carrier 2 by weak elastic 
restoring force created by deflection of the substrate 3a so that the writing 
electrodes 3b write electrostatic latent image, drivers 11 which are 
supported by the substrate 3a to control the operation of the writing 
electrodes 3b, and a stationary portion 3c of which an end opposite to the 
writing electrodes 3b of the substrate 3a is fixed to the body (not shown) of 
the image forming apparatus. 

The substrate 3a is formed in a rectangular shape having 
substantially the same axial length as the axial length of the conductive 
portions 2c of the image carrier 2. The substrate 3a is arranged to extend 
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from the left side in Fig. 1 in the same direction as the rotational direction 
(the clockwise direction shown by arrow) of the image carrier 2. To the 
contrary, the substrate 3a may be arranged to extend from the right side in 
Fig. 1 in the opposite direction of the rotational direction of the image 
carrier 2. 

The requirement for material of the writing electrodes 3b is 
conductive and having electric resistance of 10 10 Q or less. Too large 
electric resistance leads to defect in writing of an latent image due to some 
delay of writing, similarly to the aforementioned conductive portions 2c. 
Therefore, the electric resistance of the writing electrodes 3b is preferably 
lower as the process speed is increased. In the experiments as will be 
described later, writing electrodes made of Al and writing electrodes made 
of Al of which surface is coated with fluororesin to have electric resistance 
of 10 6 Q were both used. It was found from the results of the experiments 
that the writing electrodes of both type can write a latent image. 
Accordingly, it is preferable that the electric resistance of the writing 
electrodes is 10 6 Q or less. 

Figs. 8(a), 8(b) and Figs. 9(a), 9(b) show different embodiments of 
the present invention, respectively, wherein Figs. 8(a), 9(a) are sectional 
views partially showing the section along the axial direction of the image 
carrier and Figs. 8(b), 9(b) are views partially showing the outer surface of 
the image carrier. 

In the embodiment shown in Figs. 8(a), 8(b), a large number of 
conductive portions 2c are formed and arranged like dots separately 
dispersed. In the embodiment shown in Figs. 9(a) and 9(b), a large number 
of conductive portions 2c which are formed and arranged like dots 
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separately dispersed and each conductive portion 2c is composed of a 
predetermined number of gathered conductive particles 2c 2 . 

Such an arrangement that a large number of conductive portions 2c 
are formed and arranged like dots which are separately dispersed ensures 
stable and more precise application or removal of charge relative to the 
image carrier 2. 

In either of the embodiments shown in Figs. 8(a), 8(b) and Figs. 
9(a), 9(b), similarly to the aforementioned embodiment, it is preferable that 
the large number of conductive portions 2c are formed to be at least 
partially exposed to the surface. 

Fig. 10 shows an array pattern for arranging a plurality of 
electrodes 3b in the axial direction of the image carrier 2. 

As shown in Fig. 10, in the array pattern for the writing electrodes 
3b, the writing electrodes 3b are each formed in circle and are aligned in 
the axial direction (the vertical direction in Fig. 10) of the image carrier 2. 
In this case, the writing electrodes 3b are arranged in two parallel rows 
(first and second rows) in a zigzag fashion. Though not clearly shown in 
Fig. 10, the electrodes are arranged such that electrodes which are in 
different rows but adjacent to each other are partially overlapped with each 
other in the direction perpendicular to the axial direction of the image 
carrier 2. This array pattern can eliminate such portions in the surfaces of 
the conductive portions 2c of the image carrier 2 that are not subjected to 
the application or removal of charge, thereby achieving application or 
removal of charge relative to the entire surfaces of the conductive portions 
2c of the image carrier 2. 

A predetermined number of drivers 11 are provided to extend in the 
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axial direction of the image carrier 2 on the substrate 3a. In this example, 
plural units are each formed of a predetermined number of electrodes 3b 
some of which are in the first row and the other are in the second row by 
connecting these electrodes 3b to one driver 11 and are aligned parallel to 
the axial direction of the image carrier 2. The respective drivers 11 are 
electrically connected by conductive patterns 9 made of copper (Cu) foil 
which is formed on the substrate 3a and each line of which is formed into a 
thin flat bar-like shape having a rectangular section. In the same manner, 
the drivers 11 are electrically connected to the corresponding writing 
electrodes 3b by the conductive patterns 9 formed on the substrate 3a. The 
conductive patterns 9 can be formed by a conventional known film pattern 
forming method such as etching. By way of the conductive patterns 9, line 
data, writing timing signals, and high voltage power are supplied to the 
respective drivers 11 from the upper side in Fig. 10. Further, a 
predetermined voltage V 0 at the high voltage (based on the absolute value) 
side and a ground voltage Vi at the low voltage (based on the absolute 
value) side are supplied from each driver 11 to the corresponding writing 
electrodes 3b. 

Fig. 11 is a diagram showing a switching circuit for switching the 
voltage to be connected to the writing electrodes 3b between the 
predetermined voltage V 0 and the ground voltage Vi. 

As shown in Fig. 11, the writing electrodes 3b are connected to 
corresponding high voltage switches (H.V.S.W.) 15, respectively. Each of 
the high voltage switches 15 can switch the voltage to be supplied to the 
corresponding electrode 3b between the predetermined voltage V 0 at the 
high voltage (based on the absolute value) side and the ground voltage V! 
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at the low voltage (based on the absolute value) side. An image writing 
control signal is inputted into each high voltage switch 15 from a shift 
resistor (S.R.) 16, to which an image signal stored in a buffer 17 and a 
clock signal from a clock 18 are inputted. The image writing control signal 
is inputted into each high voltage switch 15 through each AND circuit 19 
in accordance with a writing timing signal from an encoder 20. The high 
voltage switch 15 and the AND circuit 19 cooperate together to form the 
aforementioned driver 11 which controls the corresponding electrodes 3b 
by switching the supply voltage. 

Figs. 12(a)-12(c) show profiles when the supply voltage for each 
electrode 3b is selectively controlled into the predetermined voltage V 0 or 
the ground voltage V! by switching operation of the corresponding high 
voltage switch 15, wherein Fig. 12(a) is a diagram showing the voltage 
profiles of the respective electrodes, Fig. 12(b) is a diagram showing a 
developing powder image obtained by normal developing with the voltage 
profiles shown in Fig. 12(a), and Fig. 12(c) is a diagram showing a 
developing powder image obtained by reverse developing with the voltage 
profiles shown in Fig. 12(a). 

Assuming that the electrodes 3b, for example as shown in Figs. 
12(a)-12(c), five electrodes indicated by n-2, n-1, n, n+1, and n+2, 
respectively, are controlled to be into the voltage profiles shown in Fig. 
12(a) by switching operation of the respective high voltage switches 15. 
When an electrostatic latent image is written on the image carrier 2 with 
the electrodes 3b having the aforementioned voltage profiles and is then 
developed normally, the developing powder (or toner) 8 adheres to 
portions at the predetermined voltage V 0 of the image carrier 2, thereby 
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obtaining a developing powder image (or a toner image) as shown by 
hatched portions in Fig. 12(b). When an electrostatic latent image is 
written in the same manner and is then developed reversely, the developing 
powder 8 adheres to portions at the ground voltage V] of the image carrier 
2, thereby obtaining a developing powder image as shown by hatched 
portions in Fig. 12(c). 

According to the image forming apparatus 1 employing the electric 
writing device 3 having the aforementioned structure, charge is injected to 
the conduct portions 2c of the image carrier 2 by the writing electrodes 3b 
of the writing device 3 which are in contact with the image carrier 2 so that 
charge injection is conducted dominantly, thereby achieving the writing of 
an electrostatic latent image on the image carrier 2. Then, the electrostatic 
latent image on the image carrier 2 is developed with developing powder 8 
conveyed by the developing roller 4a of the developing device 4 to form a 
developing powder image and the developing powder image is 
subsequently transferred to the receiving medium 5 by the transferring 
device 6. 

As mentioned above, in the image carrier 2 of this embodiment, a 
large number of the conductive portions 2c which are dispersed separately 
from each other are formed in the outer surface of the dielectric layer 2b 
and the application or removal of charge can be conducted dominantly by 
charge injection between the conductive portions and the charge- transfer 
controlling means. Therefore, the voltage to be applied can be significantly 
reduced as compared with the conventional device which applies or 
removes charge by discharge phenomenon. 

Since a large number of the conductive portions 2c are dispersed 
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separately from each other, charge applied to the conductive portion can be 
prevented from leaking in the lateral direction and charge on charged 
conductive portions 2c can be prevented from leaking i.e. from moving to 
another conductive portion 2c. Therefore, stable application or removal of 
charge relative to the image carrier can be conducted by charge injection. 

Further, since the surface area of each conductive portion 2c is set 
to be smaller than the contact area of each writing electrode 3b and also 
smaller than the contact area of toner, stable application or removal of 
charge by charge injection can be more effectively conducted so as to 
reliably forming a high-quality image. Particularly for application of 
charge, well writing can be secured. 

On the other hand, the method of manufacturing the image carrier 2 
of this embodiment comprises previously forming the large number of 
concavities 2b j such that these are dispersed separately from each other, 
coating the surface of the dielectric layer 2b including these concavities 
2b! with the conductive material 2ci, and then grinding the coated 
conductive material 2ci. According to this method, the large number of 
conductive portions 2c separately dispersed can be easily formed. 
Therefore, the image carrier 2 can be easily manufactured. 

In the another method of manufacturing the image carrier 2, the 
conductive portions 2c are formed by spraying a liquid, prepared by 
dispersing conductive particles in the alkali liquid, onto an insulating 
binder layer 2d, as the outermost layer of the image carrier 2 which is 
soluble relative to alkali, at equal intervals defined by the ink jet printing 
method. Also according to this method, the large number of conductive 
portions 2c separately dispersed can be easily formed. Therefore, the image 
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carrier 2 can be easily manufactured. 

Though the aforementioned embodiments are described assuming 
that the image carrier 2 of the present invention is of a type writing a latent 
image by charge injection between the image carrier 2 and the writing 
electrodes 3b as the charge-transfer controlling means, the present 
invention is not limited thereto. For example, the present invention may be 
applied to an image carrier to be uniformly charged or uniformly 
discharged by a charge-transfer controlling means prior to the writing of a 
latent image. 
(Examples) 

Description will now be made as regard to concrete examples (1), 
(2) of the aforementioned image carrier 2 which is formed in double layer 
comprising the dielectric layer 2b and the charge injection layer 2c. 

The binder resin, the conductive filler, and the solvent used for 
Examples (1) and (2) are the same and shown in Table 2. 



Table 2 

Materials of charge injection layer 



Binder Resin 


Polyamide resin (available from Namariichi Chemical Industrial 
Co., Ltd., Trade Code: FR-104) 


Conductive Filler 


Conductive titanium dioxide (available from Titan Kogyo K.K., 
Trade Code: EC-300) 


Solvent 


Ethanol 



As shown in Table 2, in either Example (1), (2), polyamide resin 
{available from Namariichi Chemical Industrial Co., Ltd., Trade code: 
FR-104} was used as the binder resin, conductive titanium dioxide 
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{available from Titan Kogyo K.K., Trade code: EC-300} was used as the 
conductive filler, and ethanol was used as the solvent. 

The ratio (gr.) of the polyamide resin as the binder resin and the 
conductive titanium dioxide as the conductive filler (c-Ti0 2 ), the content 
(%) of the conductive titanium dioxide, and the thickness of the coated 
layer are shown in Table 3 with respect to Examples (1) and (2), 
respectively. 



Table 3 

Liquid coat for charge injection layer and electric resistance of the coated layer made of the same 



No. 


B/c-Ti02 (gr.) 


Content (%) of 
c-Ti0 2 


Rv(Q) 


Rs(Q) 


Thickness of 
layer ((xm) 


(1) 


5.0/2.5 


33.0 


1.3xl0 9 


7.6xl0 13 


1 


(2) 


5.0/2.5 


33.0 


1.3xl0 10 


7.6xl0 12 


10 



As shown in Table 3, in Example (1), the ratio of the polyamide 
resin and the conductive titanium dioxide was 5.0/2.5 (gr.), the content of 
the conductive titanium dioxide was 33.0 (%), and the thickness of the 
coated layer was 1 (\im). Example (1) had a volume resistance Rv (Q) of 
1.3xl0 9 (Q) and a surface resistance Rs (Q) of 7.6xl0 13 (Q). On the other 
hand, in Example (2), the ratio of the polyamide resin and the conductive 
titanium dioxide was 5.0/2.5 (gr.), the content of the conductive titanium 
dioxide was 33.0 (%), and the thickness of the coated layer was 10 (|xm). 
Example (2) had a volume resistance Rv (Q) of 1.3xl0 10 (Q) and a surface 
resistance Rs (Q) of 7.6xl0 12 (fi). 

An aluminium drum of <J>30 (mm) was used as the conductive 
substrate 2a of the image carrier 2, PET was applied to the aluminium 
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drum to form a dielectric layer 2b of 100 \xm in thickness. Each liquid coat 
was prepared by mixing the materials shown in Table 2 at the ratio shown 
in Table 3, and uniformly dispersed by the ultrasonic dispersion. The 
liquid coat was applied to the PET layer by a wire bar. After that, by 
holding it in a vacuum dryer at 150 °C for 3 hours, a charge injection layer 
2c was formed on the conductive substrate 2a. In this manner, the image 
carrier 2 was manufactured. 

Some writing electrodes 3b were made of Al and the other writing 
electrodes 3b were made of Cu. All writing electrodes 3b were set to be 
(|>50 \xm and arranged to be spaced apart by 50 |mm and aligned parallel to 
the axial direction of the image carrier 2. The voltage V 0 at the high 
voltage (based on the absolute value) side was set to be -400V and the 
voltage Vi at the low voltage (based on the absolute value) side was set to 
be 0V. By switching operation (ON/OFF) of the respective high voltage 
switches 15, the voltage to be connected to the writing electrodes 3b was 
switched between the voltage V 0 and the voltage V a . The peripheral 
velocity of the image carrier 2 was set to be 30 mm/sec. 

Under the aforementioned conditions, a toner image was developed 
by reverse developing with all of the writing electrodes being ON. An 
image obtained by using the image carrier 2 of Example (1) was superior 
to an image obtained by using the image carrier 2 of Example (2). 

As for each of Example (1) and Example (2), the surface potential 
of an image portion where writing was conducted at -400V and the surface 
potential of a non-image portion which is the nearest to the image portion 
among non-image portions where writing was not conducted on the 
developed position were measured by a surface potential sensor. As shown 
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in Fig. 13 and Fig. 14, the surface potential of the image portion was 
-400V in either case of Example (1) and Example (2), the potential of the 
non-image portion was -30V in the case of Example (1) and -120V in the 
case of example (2). That is, Example (1) made less leakage of voltage in 
the abscissa, i.e. in the axial direction of the image carrier 2, than Example 
(2). 

Accordingly, it was found that in case of using a charge injection 
layer 2c of resin uniformly dispersed type just like the image forming 
apparatus 1 of this embodiment, the thinner the layer is, the better the 
reproducibility is, on the condition that the same material is used. In other 
words, if comparing charge injection layers 2c have the same or similar 
electric resistance, a charge injection layer 2c having smaller thickness is 
preferable because it can obtain larger potential contrast. Particularly, the 
thickness of the charge injection layer 2c is preferably set to be 1 \xm or 
less. 

However, formation of toner image also depends on factors other 
than latent image writing conditions such as charge on toner and 
developing condition, so the above description means merely that Example 
(1) can form a stable image as compared to Example (2). It should be 
understood that the image forming apparatus 1 of Example (2) also can 
form an image. 

The area based on the average distance between adjacent 
conductive particles is set to be smaller than the contact area of each 
writing electrode 3b. In the image carrier 2 of this embodiment, assuming 
that the contact area of each writing electrode 3b is "S" and the average 
distance between adjacent conductive particles is "d", the contact area S of 
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each writing electrode 3b is set to be satisfy "S > (d/2) 2 -Jt M . Further, 
assuming that the average sectional area of toner particles is "S toner", 
these are set to be satisfy "S > S toner > (d/2) 2 -jt fl . 

Therefore, leakage of charge in the lateral direction can be 
prevented, thus minimizing the drifts of electrostatic latent image in the 
lateral direction. Since one writing electrode 3b can be positioned in 
contact with a plurality of conductive particles, charge injection between 
the writing electrodes 3b and the charge injection layer 2c can be stably 
conducted so that application or removal of charge relative to the image 
carrier 2 can be stably conducted. Therefore, writing can be successfully 
conducted by charge injection. In addition, since "S > S toner > (d/2) 2 -Jt" 
is satisfied, the reproducibility of digital data is improved. 

Further, as the contact area of each writing electrode 3b relative to 
the charge injection layer 2c is larger than the sectional area of each 
conductive particle, conductive particles as the charge injection layer 
which are in contact with the writing electrodes 3b can be securely charged 
by charge injection, thereby securely reproducing an electrostatic latent 
image to be written on the image carrier 2 and thus improving the precision 
for writing latent images. 

As shown in Fig. 15, when the contact area of each writing 
electrode 3b relative to the charge injection layer 2c is smaller than the 
sectional area of each conductive particle and the maximum dimension Lb 
of the section of each conductive particle is smaller than the distance La 
between adjacent writing electrodes 3b, 3b (La > Lb), even if the writing 
electrode 3b is in contact with a very small area of the conductive particle, 
the apparatus can form a latent image larger than the very small contact 
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area. In addition, this design prevents conduction between the adjacent 
electrodes 3b, 3b. Therefore, this design allows the writing electrodes 3b to 
be arranged to have greater distance therebetween and also allows the 
wirings for applying voltage to the writing electrodes 3b to have greater 
distance therebetween, thus reducing the possibility of crosstalk 
(electromagnetic field hindrance) between the electrodes. 

Figs. 16(a), 16(b) show another example of the image carrier of the 
present invention, wherein Fig. 16(a) is a sectional view taken along a line 
A- A in Fig. 16(b) and Fig. 16(b) is a plan view thereof. 

As shown in Fig. 16(a), an image carrier 2 of this embodiment has 
no dielectric layer 2b as described with respect to the aforementioned 
embodiment and is formed a single layer structure in which a charge 
injection layer 2c is directly formed on a conductive substrate 2a which is 
grounded. In this case, the charge injection layer 2c of this embodiment 
comprises a large number of dielectric portions 2b 1 (non-charge injection 
portions) which extend in the vertical direction and have high insulating 
property, and a large number of charge injection portions 2c 1 which extend 
in the vertical direction, wherein the dielectric portions 2b ! and the charge 
injection portions 2c 1 are alternately arranged at equal intervals. As shown 
in Fig. 16(b), the large number of charge injection portions 2c 1 are arranged 
in a matrix structure i.e. dispersed separately from each other. That is, the 
charge injection portions 2c f are arranged in such a structure that they are 
formed just like islands in the sea. 

In the charge injection layer 2c having conductive portions 
arranged in the islands-in-sea structure, the electric resistance in the 
vertical direction is set to be relatively small by the large number of charge 



33 



injection portions 2c ! extending in the vertical direction, while the electric 
resistance in the lateral direction is set to be relatively large by the large 
number of dielectric portions 2b' (non-charge injection portions) having 
high insulating property and the large number of charge injection portions 
2c 1 which are alternately arranged at equal intervals. That is, the charge 
injection layer 2c of this example also satisfies the relation "electric 
resistance in vertical direction < electric resistance in lateral direction". 

In the charge injection layer 2c in the islands-in-sea structure, 
similarly to the aforementioned embodiment shown in Fig. 10, voltage can 
be locally applied when the large number of writing electrodes 3b are in 
contact with the image carrier 2 uniformly in the axial positions of the 
image carrier 2. According to the local application, the stable selective 
application or removal of charge can be conducted relative to the image 
carrier 2. Therefore, stable precise writing of latent images is achieved. 

Further, since the image carrier 2 has the charge injection layer 2c, 
charge for the writing of the last image can be removed at the same time as 
the next writing. 

The area of each charge injection portion 2c 1 (the area of a surface 
to be in contact with the writing electrode 3b) and the area of the dielectric 
portion (non-charge injection portions) 2b ! between one charge injection 
portion 2c ! and an adjacent charge injection portion 2c ! are both set to be 
smaller than the contact area of each writing electrode 3b relative to the 
dielectric layer 2b. 

Therefore, the leakage of charge in the lateral direction in a 
charging range can be prevented, thus minimizing the drifts of electrostatic 
latent image in the lateral direction. Since one writing electrode 3b can be 
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positioned in contact with a plurality of charge injection portions 2c ! , 
charge injection between the writing electrodes 3b and the charge injection 
portions 2c f can be stably conducted so that application or removal of 
charge relative to the image carrier 2 can be stably conducted. Therefore, 
writing can be successfully conducted by charge injection. 

The method of manufacturing the image carrier 2 of the 
single-layer structure comprises: 

(1) A step of bonding a micropores membrane to a substrate 2a such as an 

Al drum or a conductive belt. The micropores membrane is previously 
known in the art and the explanation of micropores membrane has 
been printed, for example, in a journal "Kagaku to Kogyo (Chemistry 
and Industry)", Vol. 53, No. 12, p. 1436 (2000), so that the description 
for the material will be omitted. 

The micropores membrane preferably has pore diameter from 2.6 to 
3.4 \im and interval of pores from 2.8 to 4.4 jxm. Further, the thickness 
thereof is arbitrarily set in a range from 4.5 to 30 \xm. 

(2) A dip applying step of pouring a liquid coat into the pores of the 

micropores membrane on the substrate 2a with the micropores 
prepared in the above step (1), wherein the liquid coat is prepared by 
dispersing a conductive material such as conductive particles or a 
conductive filler in a binder resin. 

As examples of the binder resin, there are polyester resin, 
polycarbonate resin, polyethylene resin, fluoride resin, cellulose, vinyl 
chloride resin, polyurethane resin, acrylic resin, epoxy resin, silicone 
resin, alkyd resin, vinyl chloride-vinyl acetate copolymer resin, 
polyamide resin (nylon), and the like. As examples of the material 
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used as the conductive particles/conductive filler, there are metallic 
powder of Cu, Al, or Ni, metallic oxide powder of ZnO, tin oxide, 
antimony oxide, or Ti0 2 (treated to have conductivity), conductive 
high-molecular powder such as a high-molecular complex made of 
polyacetylene doped with iodine, a high-molecular complex made of 
polythiopene doped with iodine, and a high-molecular complex made 
of polypyrrole doped with iodine, and a combination thereof. In this 
case, the content of conductive particles/conductive filler is from 10 to 
100 % by weight for regulating the resistance. 
(3) A step of drying the applied liquid coat. In this manner, the image 
carrier 2 is manufactured. At this point, the surface of the image 
carrier 2 may be ground to have improved surface. 

The electric resistance of the image carrier 2 is set to be such an 
electric resistance to hold a toner image after writing an latent image 
during the developing, transferring, and following processes and this 
setting of resistance depends on the process speed. Therefore, the 
potential of image portions gradually decreases after the writing of the 
latent image. 

The requirement for material of the writing electrodes 3b is 
conductive, basically similar to the aforementioned embodiment shown in 
Fig. 2, and having electric resistance of 10 13 Q or less. Similarly to the 
charge injection layer 2c of the aforementioned embodiment, too large 
electric resistance leads to defect in writing of an latent image due to some 
delay of writing. Therefore, the electric resistance is preferably lower as 
the process speed is increased. Each writing electrode 3b may be made of 
metallic material such as Cu or Al to be formed in a head-like 
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configuration and may be made of a conductive resin to be formed in a 
head-like configuration. In case of manufacturing the writing electrodes 3b 
from a conductive resin, each writing electrode is manufactured by 
dispersing conductive particles/conductive filler in a binder resin to make 
its material and forming the material in a head-like configuration, 
alternatively, by dispersing conductive particles/conductive filler in a 
binder resin to make its material and applying the material on the surface 
of a conductive member (made of Cu or the like). 

Figs. 17(a), 17(b) show another embodiment of the image carrier of 
the present invention, wherein Fig. 17(a) is a sectional view taken along a 
line A-A in Fig. 17(b) and Fig. 17(b) is a plan view thereof. 

As shown in Fig. 17(a), the image carrier 2 of this embodiment is a 
combination of the embodiment shown in Figs. 3(a), 3(b) and the 
embodiment shown in Figs. 16(a), 16(b), wherein instead of the charge 
injection layer 2c of the image carrier 2 of the embodiment shown Figs. 
3(a), 3(b), the charge injection layer 2c of the islands-in-sea structure 
shown in Figs. 16(a), 16(b) is employed. That is, the image carrier 2 of this 
embodiment formed a multi (double)-layer structure has a charge injection 
layer 2c having charge injection portions 2c ! as shown in Figs. 16(a), 16(b), 
dielectric portions 2b 1 (non-charge injection portions) on a dielectric layer 
2b which is similar to the dielectric layer 2b shown in Figs. 3(a), 3(b). In 
this case, as shown in Fig. 16(b), the charge injection layer 2c is in the 
islands-in-sea structure in which a large number of the dielectric portions 
2b' (non-charge injection portions) and a large number of the charge 
injection portions 2c 1 are alternately arranged at equal intervals. 

In the charge injection layer 2c with conductive portions arranged 
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in the islands-in-sea structure, similarly to the aforementioned embodiment 
shown in Figs. 16(a), 16(b), the electric resistance in the vertical direction 
is set to be relatively low by the large number of charge injection portions 
2c 1 which extends in the vertical direction, while the electric resistance in 
the lateral direction is set to be relatively high by the large dielectric 
portions 2b ! (non-charge injection portions), having high insulation 
property, and the large number of charge injection portions 2c 1 which are 
alternately arranged at equal intervals. That is, the charge injection layer 2c 
of this embodiment is also set to satisfy "electric resistance in vertical 
direction < electric resistance in lateral direction". 

According to the charge injection layer 2c, also similarly to the 
aforementioned embodiments, voltage can be locally applied when the 
large number of writing electrodes 3b are in contact with the image carrier 
2 uniformly in the axial positions of the image carrier 2. According to the 
local application, the stable selective application or removal of charge can 
be conducted relative to the image carrier. Therefore, stable precise writing 
of latent images is achieved. 

Further, since the image carrier 2 has the charge injection layer 2c, 
charge for the writing of the last image can be removed at the same time as 
the next writing. 

Similarly to the embodiment shown in Figs. 16(a), 16(b), the area 
of each charge injection portion 2c' and the area of the dielectric portion 
(non-charge injection portions) 2b 1 between one charge injection portion 
2c' and an adjacent charge injection portion 2c 1 are both set to be smaller 
than the contact area of each writing electrode 3b relative to the dielectric 
layer 2b. Therefore, the leakage of charge in the lateral direction in a 
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charging range can be prevented, thus minimizing the drifts of electrostatic 
latent image in the lateral direction. Since one writing electrode 3b can be 
positioned in contact with a plurality of charge injection portions 2c\ 
charge injection between the writing electrodes 3b and the charge injection 
portions 2c ? can be stably conducted so that application or removal of 
charge relative to the image carrier 2 can be stably conducted. Therefore, 
writing can be successfully conducted by charge injection. 

The method of manufacturing the image carrier 2 of the multi-layer 
structure comprises: 

(1) A step of preparing a substrate 2a (such as an Al drum or a conductive 

belt) having a dielectric layer 2b thereon. The material for the 
dielectric layer 2b may be the same as that for the dielectric layer 2b of 
the aforementioned embodiment shown in Figs. 3(a), 3(b). This 
material is applied to the surface of the substrate 2a by dipping or 
spraying, thereby making the conductive substrate 2a having the 
dielectric layer 2b. 

(2) A step of bonding a micropores membrane to the substrate 2a having 

the dielectric layer 2b thereon prepared by the step (1), similarly to the 
aforementioned embodiment shown in Figs. 16(a), 16(b). In this case, 
it is preferable that the thickness of the micropores membrane is as 
smaller as possible and particularly preferably 10 \im or less. 

The micropores membrane preferably has pore diameter from 2.6 to 
3.4 \im and interval of pores from 2.8 to 4.4 jxm. Further, the thickness 
thereof is arbitrarily set in a range from 4.5 to 30 \im. 

(3) A dip applying step of pouring a liquid coat into the pores of the 

micropores membrane on the substrate 2a with the micropores 
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prepared in the above step (2), wherein the liquid coat is prepared by 
dispersing a conductive material such as conductive particles or a 
conductive filler in a binder resin, similarly to the embodiment shown 
in Figs. 16(a), 16(b). The material for the binder resin may be the same 
as that of the embodiment shown in Figs. 16(a), 16(b). 
(4) A step of drying the applied liquid coat, similarly to the embodiment 
shown in Figs. 16(a), 16(b). In this manner, the image carrier 2 is 
manufactured. At this point, the surface of the image carrier 2 may be 
ground to have improved surface. 

The electric resistance of the image carrier 2 is set to be such an 
electric resistance to hold a toner image after writing an latent image 
during the developing, transferring, and following processes and this 
setting of resistance depends on the process speed. Therefore, the 
potential of image portions gradually decreases after the writing of the 
latent image. 

On the other hand, the materials used in the writing electrodes 3b 
and the method of manufacturing the writing electrodes 3b of this 
embodiment are the same as those of the embodiment shown in Figs. 16(a), 
16(b). 

According to the image forming apparatus 1 of this embodiment, 
the writing of an electrostatic latent image to the image carrier 2 can be 
conducted dominantly by charge injection between the writing electrodes 
3b and the charge injection layer 2c because of the contacts of the writing 
electrodes 3b and the charge injection layer 2c. Therefore, the voltage to be 
applied to the writing electrodes 3b can be significantly reduced, based on 
the absolute value, as compared with the conventional device which 
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applies or removes charge by discharge phenomenon. 

Since the writing by charge injection does not depend on the 
environmental conditions such as temperature and humidity because 
charge performs the role of carrier, the positions of a latent image to be 
written are never distorted, thereby improving the stability in controlling 
the latent image writing positions. 

Since the electric resistance of the charge injection layer 2c of the 
image carrier 2 is set such that the resistance in the vertical direction is 
smaller than the resistance in the lateral direction, the leakage of charge in 
the lateral direction can be prevented in the charge injection layer 2c so 
that charge can be effectively injected between the writing electrodes 3b 
and the charge injection layer 2c, thereby achieving the reliable application 
or removal of charge relative to the image carrier 2. Therefore, an 
electrostatic latent image can be written on the image carrier 2 with high 
precision by charge injection. In addition, since the efficiency of charge 
injection is improved, the voltage to be applied to the writing electrodes 3b 
can be further reduced so as not to occur discharge phenomenon between 
the writing electrodes 3b and the charge injection layer 2c, thereby 
preventing irregularity of the latent image and generation of ozone. 

Since the thickness of the charge injection layer 2c is set to be 1 \xm 
or less, the electric resistance can be easily set such that the difference 
between the resistance in the lateral direction and the resistance in the 
vertical direction is enlarged by just forming the charge injection layer 2c 
to have a small thickness. Therefore, the potential contrast of the 
electrostatic latent image can be larger, thereby further improving the 
precision in writing latent images. 
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Further, since the large number of charge injection portions 2c 1 
which are dispersed separately from each other are formed in the charge 
injection layer 2c , the leakage of charge, applied to the charge injection 
portions 2c 1 , in the lateral direction can be securely prevented. The stable 
application or removal of charge relative to the image carrier 2 can be 
conducted by charge injection. 

Furthermore, since the large number of concavities 2b] are formed 
to be dispersed separately from each other in the charge injection layer 2c 
and the charge injection portions 2c ! are formed in the large number of 
concavities 2b l5 the large number of charge injection portions 2c f can be 
formed just by coating a conductive material 2c! to the charge injection 
layer 2c with the concavities 2bi and grinding the coated conductive 
material 2ci. Accordingly, the image carrier 2 can be easily manufactured. 

Further, since the area of a surface of each charge injection portion 
2c 1 to be in contact with the writing electrode 3b can be set to be smaller 
than the contact area of each writing electrode 3b relative to the charge 
injection layer 2c. Therefore, the stable application or removal of charge 
can be effectively conducted by charge injection and a high-quality image 
can be reliably formed. 

Moreover, since the writing electrodes 3b are in contact with the 
image carrier 2 uniformly in the axial positions of the image carrier 2, 
voltage can be locally applied. According to the local application, the 
stable selective application or removal of charge can be conducted relative 
to the image carrier. Therefore, stable precise writing of latent images is 
achieved. In addition, charge for the writing of the last image can be 
removed at the same time as the next writing. Therefore, charge cleaning 
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step for the image carrier 2 before the next writing can be eliminated, 
thereby simplifying the process. 

Since the average sectional area of toner particles for developing an 
electrostatic latent image written on the image carrier 2 is set to be smaller 
than the contact area of each writing electrode 3b relative to the charge 
injection layer 2c, the reproducibility of digital data is improved. 

It should be noted that the image carrier 2 may be a photoreceptor. 
In this case, the charge injection layer 2c is designed to have light 
transmitting property. 

The image forming apparatus 1 of this embodiment may be of a 
type of normal developing with negative charge, just like the 
aforementioned examples (1), (2) and also may be of a type of normal 
developing with positive charge, of a type of reversal developing with 
positive charge or a type of reversal developing with negative charge. The 
image forming apparatus of the present invention may also be applied to an 
image forming apparatus which writes a latent image by removing charge 
from a positively charged or negatively charged image carrier 2 by writing 
electrodes 3b. 

Figs. 18(a)-18(h) are illustrations each showing an example of the 
basic process of forming an image in the image forming apparatus 1 of the 
present invention. 

As the basic process of forming an image in the image forming 
apparatus 1 of the present invention, there are four types as follows: (1) 
making uniformly charged state by removal of charge -writing by contact 
application of charge- normal developing; (2) making uniformly charged 
state by removal of charge - writing by contact application of charge - 
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reversal developing; (3) making uniformly charged state by application of 
charge - writing by contact removal of charge - normal developing; and 
(4) making uniformly charged state by application of charge - writing by 
contact removal of charge - reversal developing. Following description 
will be made as regard to these image forming processes. 

(1) making uniformly charged state by removal of charge -writing by 
contact application of charge - normal developing 

A process illustrated in Fig. 18(a) is an example of this image 
forming process. As shown in Fig. 18(a), in this example, a photoreceptor 
2a is employed as the image carrier 2 and a charge removing lump 7a is 
employed as the charge control device 7. By positively (+) charging image 
portions of the photoreceptor 2a through the writing electrodes 3b of the 
writing device 3 which are in contact with the photoreceptor 2a, an 
electrostatic latent image is written on the photoreceptor 2a. In addition, a 
bias voltage composed of an alternating current superimposed on a direct 
current of a negative (-) polarity is applied to a developing roller 4a of the 
developing device 4, similarly to conventional ones. Accordingly, the 
developing roller 4a conveys negatively (-) charged developing powder 8 
to the photoreceptor 2a. It should be noted that a bias voltage composed of 
a direct current of a negative (-) polarity only may be applied to the 
developing roller 4a. 

In the image forming process of this example, the charge removing 
lump 7a removes charge from the surface of the photoreceptor 2a to make 
the surface into the uniformly charged (charge-removed) state with nearly 
OV (zero volt) and, after that, the image portions of the photoreceptor 2a 
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are positively (+) charged by the writing electrodes 3b of the writing 
device 3, thereby writing an electrostatic latent image onto the 
photoreceptor 2a. Then, negatively (-) charged developing powder 8 
conveyed by the developing roller 4a of the developing device 4 adheres to 
the positively (+) charged image portions of the photoreceptor 2a, thereby 
normally developing the electrostatic latent image. 

A process illustrated in Fig. 18(b) is another example of this image 
forming process. As shown in Fig. 18(b), in this example, a dielectric body 
2b is employed as the image carrier 2 and a charge removing roller 7b is 
employed as the charge control device 7. Similarly to conventional ones, a 
bias voltage composed of a direct current of a negative (-) polarity may be 
applied to the developing roller 4a. It should be noted that a bias voltage 
composed of an alternating current superimposed on a direct current of a 
negative (-) polarity may be applied to the developing roller 4a. On the 
other hand, a bias voltage composed of an alternating current is applied to 
the charge removing roller 7b. Other structures of this example are the 
same as those of the aforementioned example shown in Fig. 18(a). 

In the image forming process of this example, the charge removing 
roller 7b is in contact with the dielectric body 2b so as to remove charge 
from the surface of the dielectric body 2b to make the surface of the 
dielectric body 2b into the uniformly charged (charge-removed) state with 
nearly OV (zero volt). The image forming actions after that are the same as 
those of the aforementioned example shown in Fig. 18(a), except that the 
dielectric body 2b is used instead of the photoreceptor 2a. 

(2) making uniformly charged state by removal of charge - writing by 
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contact application of charge - reversal developing 

A process shown in Fig. 18(c) is an example of this image forming 
process. As shown in Fig. 18(c), in this example, a photoreceptor 2a is 
employed as the image carrier 2 and a charge removing lump 7a is 
employed as the charge control device 7 just like the example shown in Fig. 
18(a). The writing electrodes 3b of the writing device 3 are in contact with 
the photoreceptor 2a so that non-image portions of the photoreceptor 2a 
are negatively (— ) charged. Other structures of this example are the same as 
those of the aforementioned example shown in Fig. 18(a). 

In the image forming process of this example, the charge removing 
lump 7a removes charge from the surface of the photoreceptor 2a to make 
the surface of the photoreceptor 2a into the uniformly charged 
(charge-removed) state with nearly OV (zero volt) and, after that, the 
non-image portions of the photoreceptor 2a are negatively (-) charged by 
the writing electrodes 3b of the writing device 3, thereby writing an 
electrostatic latent image onto the photoreceptor 2a. Then, negatively (-) 
charged developing powder 8 conveyed by the developing roller 4a of the 
developing device 4 adheres to image portions, not negatively (-) charged 
and having nearly OV (zero volt), of the photoreceptor 2a, thereby 
reversely developing the electrostatic latent image. 

A process illustrated in Fig. 18(d) is another example of this image 
forming process. As shown in Fig. 18(d), in this example, a dielectric body 
2b is employed as the image carrier 2 and a charge removing roller 7b is 
employed as the charge control device 7 just like the example shown in Fig. 
18(b). The writing electrodes 3b of the writing device 3 are arranged in 
contact with the dielectric body 2b to negatively (-) charge non-image 
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portions of the dielectric body 2b. Other structures of this example are the 
same as those of the aforementioned example shown in Fig. 18(b). 

In the image forming process of this example, the charge removing 
roller 7b is in contact with the dielectric body 2b so as to remove charge 
from the surface of the dielectric body 2b to make the surface into the 
uniformly charged (charge-removed) state with nearly OV (zero volt). The 
image forming actions after that are the same as those of the 
aforementioned example shown in Fig. 18(c), except that the dielectric 
body 2b is used instead of the photoreceptor 2a. 

(3) making uniformly charged state by application of charge - writing by 
contact removal of charge - normal developing 

A process shown in Fig. 18(e) is an example of this image forming 
process. As shown in Fig. 18(e), in this example, a photoreceptor 2a is 
employed as the image carrier 2 and a charging roller 7c is employed as the 
charge control device 7. A bias voltage composed of an alternating current 
superimposed on a direct current of a positive (+) polarity is applied to the 
charging roller 7c so that the charging roller 7c uniformly positively (+) 
charges the surface of the photoreceptor 2a. It should be noted that a bias 
voltage composed of a direct current of a positive (+) polarity only may be 
applied to the charging roller 7c. In addition, the writing electrodes 3b of 
the writing device 3 are in contact with the photoreceptor 2a so that 
positive (+) charge is removed from the non-image portions of the 
photoreceptor 2a. Other structures of this example are the same as those of 
the aforementioned example shown in Fig. 18(a). 

In the image forming process of this example, the charging roller 
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7c is arranged in contact with the photoreceptor 2a so as to positively (+) 
charge the surface of the photoreceptor 2a to make the surface into the 
uniformly charged state with a predetermined voltage and, after that, 
positive (+) charge is removed from the non-image portions of the 
photoreceptor 2a by the writing electrodes 3b of the writing device 3, 
thereby writing an electrostatic latent image onto the photoreceptor 2a. 
Then, negatively (-) charged developing powder 8 conveyed by the 
developing roller 4a of the developing device 4 adheres to the image 
portions, positively (+) charged, of the photoreceptor 2a, thereby normally 
developing the electrostatic latent image. 

A process illustrated in Fig. 18(f) is another example of this image 
forming process. As shown in Fig. 18(f), in this example, a dielectric body 
2b is employed as the image carrier 2 and a corona charging device 7d is 
employed as the charge control device 7. A bias voltage composed of a 
direct current of a negative (-) polarity or a bias voltage composed of an 
alternating current superimposed on a direct current of a negative (-) 
polarity is applied to the corona charging device 7d in the same manner as 
the conventional one, but not illustrated. The writing electrodes 3b of the 
writing device 3 are arranged in contact with the dielectric body 2b to 
remove negative (-) charge from the non-image portions of the dielectric 
body 2b. Moreover, a bias voltage composed of a direct current of a 
positive (+) polarity is applied to the developing roller 4a so that the 
developing roller 4a conveys positively (+) charged developing powder 8 
to the dielectric body 2b. It should be noted that a bias voltage composed 
of an alternating current superimposed on a direct current of a positive (+) 
polarity may be applied to the developing roller 4a. Other structures of this 
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example are the same as those of the aforementioned example shown in 
Fig. 18(b). 

In the image forming process of this example, the surface of the 
dielectric body 2b is negatively (-) charged by the corona charging device 
7d to make the surface of the dielectric body 2b into the uniformly charged 
state with the predetermined voltage and, after that, negative (-) charge is 
removed from the non-image portions of the dielectric body 2b by the 
writing electrodes 3b of the writing device 3, thereby writing an 
electrostatic latent image on the dielectric body 2b. Then, positively (+) 
charged developing powder 8 conveyed by the developing roller 4a of the 
developing device 4 adheres to the image portions, negatively (-) charged, 
of the dielectric body 2b, thereby normally developing the electrostatic 
latent image. 

(4) making uniformly charged state by application of charge - writing by 
contact removal of charge - reversal developing 

A process shown in Fig. 18(g) is an example of this image forming 
process. As shown in Fig. 18(g), in this example, a photoreceptor 2a is 
employed as the image carrier 2 and a charging roller 7c is employed as the 
charge control device 7. A bias voltage composed of an alternating current 
superimposed on a direct current of a negative (-) polarity is applied to the 
charging roller 7c so that the charging roller 7c uniformly negatively (-) 
charges the surface of the photoreceptor 2a. It should be noted that a bias 
voltage composed only of a direct current of a negative (-) polarity may be 
applied to the charging roller 7c. The writing electrodes 3b of the writing 
device 3 are in contact with the photoreceptor 2a so that negative (-) 
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charge is removed from the image portions of the photoreceptor 2a. Other 
structures of this example are the same as those of the aforementioned 
example shown in Fig. 18(a). 

In the image forming process of this example, the charging roller 
7c is arranged in contact with the photoreceptor 2a to negatively (-) charge 
the surface of the photoreceptor 2a to make the surface into the uniformly 
charged state with a predetermined voltage and, after that, negative (-) 
charge is removed from the image portions of the photoreceptor 2a by the 
writing electrodes 3b of the writing device 3, thereby writing an 
electrostatic latent image onto the photoreceptor 2a. Then, negatively (-) 
charged developing powder 8 conveyed by the developing roller 4a of the 
developing device 4 adheres to the image portions, not negatively (-) 
charged, of the photoreceptor 2a, thereby reversely developing the 
electrostatic latent image. 

A process illustrated in Fig. 18(h) is another example of this image 
forming process. As shown in Fig. 18(h), in this example, a dielectric body 
2b is employed as the image carrier 2 and a corona charging device 7d is 
employed as the charge control device 7. A bias voltage composed of a 
direct current of a positive (+) polarity or a bias voltage composed of an 
alternating current superimposed on a direct current of a positive (+) 
polarity is applied to the corona charging device 7d, but not illustrated. 
Other structures of this example are the same as those of the 
aforementioned example shown in Fig. 18(f). 

In the image forming process of this example, the surface of the 
dielectric body 2b is positively (+) charged by the corona charging device 
7d to make the surface of the dielectric body 2b into the uniformly charged 
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state with the predetermined voltage and, after that, positive (+) charge is 
removed from the image portions of the dielectric body 2b by the writing 
electrodes 3b of the writing device 3, thereby writing an electrostatic latent 
image onto the dielectric body 2b. Then, positively (+) charged developing 
powder 8 conveyed by the developing roller 4a of the developing device 4 
adheres to the image portions, not positively (+) charged, of the dielectric 
body 2b, thereby reversely developing the electrostatic latent image. 

Fig. 19(A) is a schematic illustration showing the function of a 
charge injection layer 2a through application or removal of charge of the 
writing electrodes 3b of the writing device 3, and Fig. 19(B) is a graph 
showing the relation between the voltage applied to electrodes and the 
surface potential of the charge injection layer 2a. 

As shown in Fig. 19(A), as voltage V is applied to a writing 
electrode 3b, injection of negative (-) charge is conducted directly from a 
lower voltage side to a higher voltage side between the writing electrode 
3b and the charge injection layer 2a. This means that charge is applied to 
or removed from the charge injection layer 2a via the charge injection. 
During this, as shown in Fig. 19(B), the surface potential of the charge 
injection layer 2a is proportional to the voltage V applied to the electrode 
3b so that charge is injected in proportion to the applied voltage. 

Figs. 20(A), 20(B) show a comparative example relative to the 
present invention, wherein Fig. 20(A) is a schematic illustration showing 
the function of a case without charge injection layer 2a in Fig. 19(A) and 
Fig. 20(B) is a graph showing the relation between the voltage applied to 
electrodes and the surface potential of a dielectric layer. 

After the voltage V applied to the writing electrode is increased and 
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reaches to a discharge starting voltage V th , charge is transferred from the 
periphery of the electrode through the gaps to the surface of the dielectric 
layer by discharge phenomenon, thereby achieving the transfer of charge to 
the dielectric layer. It should be understood that since the dielectric layer is 
insulative, charge injection does not take place relative to the dielectric 
layer even though the writing electrode is in contact therewith. If the 
voltage applied to the electrode is increased until charge is injected, the 
insulating property is broken, that is, the property of the dielectric layer is 
altered. Therefore, the writing method of electrostatic latent image by 
charge injection described with reference to Figs. 19(a), 19(b) has an 
advantage of allowing the employment of a power source of low voltage. 

Fig. 21 is a schematic illustration for explaining the characteristic 
of the present invention. The requirement for the writing method of 
electrostatic latent image by charge injection is that charge injected 
directly below the writing electrode 3b is larger than leakage charge 
around the writing electrode 3b (hereinafter, such difference will be 
referred to as "contrast potential"). For this, assuming that the resistance in 
the depth direction of the charge injection layer 2a is R v and the resistance 
in the surface direction of the charge injection layer 2a is R h , the 
requirement is to satisfy: 

Rh > Rv • • • (1) 

In addition, assuming that the volume resistivity of the charge injection 
layer 2a is p (the volume resistivity is common to the depth direction and 
the surface direction), the following equation can be obtained from 
Equation (1): 

p/di > p • d t 
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that is, 

d! 2 <l ...(2) 

so that the requirement is that di 2 is smaller than the unit area of the 
electrode. 

Now, description will now be made as regard to a case where the 
volume resistivity of the charge injection layer 2a is anisotropic. That is, 
the volume resistivity in the depth direction of the charge injection layer 2a 
is p v and the volume resistivity in the surface direction of the charge 
injection layer 2a is p s , the following equation is obtained from Equation 
(1): 

p s / di > Pv ' di 
that is, the requirement is to satisfy 

di 2 < p s / Pv ... (3) 
In this case, as compared to Equation (2), when p s > p v , the thickness di of 
the charge injection layer 2a can be set larger than di. As a result, the large 
thickness improves the resistance against abrasion by the writing 
electrodes 3b and the like, thereby prolonging the life of the charge 
injection layer 2a. 

Now, examples will be described in which a charge injection layer 
2a has volume resistivity p which is common to the depth direction and the 
surface direction thereof. 

[Example 1] 
(1) Charge Injection Layer 2a 

Titanium dioxide Tj02 treated to have conductivity (available from 
Titan Kogyo K.K., Trade code: FC-300) and polyamide resin (available 
from Namariichi Chemical Industrial Co., Ltd., Trade code: FR-104) were 



53 



mixed with each other using ethanol as a solvent. The mixing ratio by 
weight was (titanium dioxide/polyamide resin) = 95%. The mixed liquid 
was coated on a dielectric layer 2b and dried (in a vacuum dryer at 150 °C 
for 3 hours), thereby forming a charge injection layer 2a. Its volume 
resistivity p was 7xl0 9 Qcm (measured by "HIRESTA IP" manufactured 
by Mitsubishi Petrochemical Co., Ltd.). 

(2) Dielectric layer 2b and Conductive Substrate 2c 

A dielectric layer of 120 |xm in thickness was formed by 
polycarbonate resin on an aluminium tube. Its dielectric constant e was 
2.9xl0 13 F/cm. 

(3) Writing time 

Since the diameter of each electrode was 60 \xm and the peripheral 
velocity of the image carrier was 60 mm/sec, 
Writing time At = 60 x 10^/6=1 (ms). 

(4) Charge was injected to an area (unit area) = 100 \xm x 100 \xm by using 
a plurality of electrodes. 

(5) The surface potential of the charge injection layer in the writing area 
was -300V when the potential of the electrode was -300V (no insufficient 
charge injection appeared in the depth of 275 jxm). 

(6) The surface potential of an area (unit area) = 100 |xm x 100 \xm of the 
charge injection layer adjacent to the writing area was -150 V when the 
thickness of the charge injection layer was 70 nm, -60 V when the 
thickness of the charge injection layer was 50 [xm, and -30 V when the 
thickness of the charge injection layer was 30 \irn. 

[Comparative Example 1] 

The surface potential was -300 V when the thickness of the charge 
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injection layer was 100 \im and also -300 V when the thickness of the 
charge injection layer was 120 \xm. There was no potential difference. 

[Example 2] 
(l)-(3) were the same as Example 1. 

(4) Charge was injected to an area (unit area) = 200 fxm x 200 fxm by using 
a plurality of electrodes. 

(5) The surface potential of the charge injection layer in the writing area 
was -300V when the potential of the electrode was -300V (no insufficient 
charge injection appeared in the depth of 275 (xm). 

(6) The surface potential of an area (unit area) = 200 \im x 200 jxm of the 
charge injection layer adjacent to the writing area was -75 V when the 
thickness of the charge injection layer was 100 fxm, -30 V when the 
thickness of the charge injection layer was 70 \xm, -25 V when the 
thickness of the charge injection layer was 50 \im, and 0 V when the 
thickness of the charge injection layer was 30 |Jim. 

[Comparative Example 2] 

The surface potential was-300 V when the thickness of the charge 
injection layer was 200 \xm so that there was no potential difference. 

Next, examples will be described in which the relation between the 
volume resistivity p v in the depth direction of the charge injection layer 2a 
and the volume resistivity p s in the surface direction of the charge 
injection layer 2a is represented by p s > p v . 

[Example 3] 

As shown in Fig. 22, convexoconcaves each of which is smaller 
than each electrode were formed in the surface of a charge injection layer 
2a so as to set the volume resistivity p s in the surface direction to be larger 
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than the volume resistivity p v in the depth direction. 

As a method of forming the convexoconcaves, blasting, grinding, 
etching, and using a mesh member of conductive fiber (carbon, stainless 
steel) may be employed. 

[Example 4] 

As shown in Fig. 23, convexoconcaves each of which is smaller 
than each electrode were formed in the surface of a dielectric layer 2b and 
resistive material is filled in the concavities so as to set the volume 
resistivity p s in the surface direction to be larger than the volume 
resistivity p v in the depth direction. Concretely, convexoconcaves are 
formed in the surface of the dielectric layer 2b and then a conductive coat 
is applied to the surface. Alternatively, a conductive coat is impregnated in 
or applied to a porous dielectric body (a drawn or foamed porous high 
polymer, an alumite honeycomb body, a porous ceramic). Alternatively, 
conductive fibers (carbon fibers, graphite, iron fibers, stainless steel fibers, 
copper fibers) and a polymeric material were mixed and dispersed and the 
fibers are oriented in the depth direction of the charge injection layer by 
drawing or shrinking. Still alternatively, a polymer alloy sheet is made of 
poly (acrylonitrile) and another polymeric material and is locally burned in 
the depth direction by electric energy to form carbon fibers. 

[Example 5] 

In this example, the material itself is anisotropic, that is, a 
conductive polymeric material is drawn or shrunk to orient the 
easy-to-carry-current direction of its molecules in the depth direction of a 
charge injection layer. 

Hereinafter, the thickness condition of the charge injection layer 
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for a case of a stripe gray-reproducing pattern composed of thin lines for 
reproducing a gray (gradation) which is neither a solid black nor a solid 
white will be described with reference to Figs, 24(A), 24(B). 

Fig. 24(A) shows an example of the stripe gray-reproducing pattern, 
in which, for example, black lines of 64 |Lim in width are aligned to form 
white blanks of 120 \im in width therebetween. Fig. 24(B) shows absolute 
values of the surface potential corresponding to positions on the charge 
injection layer in the stripe gray-reproducing pattern shown in Fig. 24(A). 

As for the aforementioned stripe gray-reproducing pattern, the 
requirement for obtaining a predetermined contrast potential | V ct | is that 
the potential produced by injected charge in a writing width 1 0 of the 
writing electrode 3b is larger than the potential produced by injected 
charge at the middle between lines (h/2). Therefore, the following equation 
is obtained: 

| V | d 2 At / (pcM) - 1 V | djd 2 At / (p (h/2) e (h/2)) > | V on -V off | = | V ct | 
...(4) 

wherein V is voltage applied to the electrodes, d 1 is thickness of the charge 
injection layer, d 2 is the thickness of the dielectric layer, p is the volume 
resistivity of the charge injection layer, e is the dielectric constant of the 
dielectric layer, and At is the writing time. Therefore, the following 
equation can be obtained: 

(d 2 / (p d, e)) (1-4 d, 2 1 1, 2 ) > | Vet | / ( | V | At) ...(5) 

Hereinafter, the thickness condition of the charge injection layer 
for a case of a gray-reproducing pattern composed of dots for reproducing 
a gray (gradation) which is neither a solid black nor a solid white will be 
described with reference to Figs. 25(A), 25(B) and Figs. 26(A), 26(B). 
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Fig. 25(A) shows an example of the dot gray-reproducing pattern 
which is composed, for example, of black dots of 60 \im in diameter and in 
interval. Fig. 25(B) shows absolute values of the surface potential 
corresponding to positions on the charge injection layer in the dot 
gray-reproducing pattern shown in Fig. 25(A). 

The resistance R v of a dot zone of the charge injection layer 2a in 
the depth direction is represented by: 

R v = pd 1 / (jc (r 0 /2) 2 )...(7) 
wherein d! is the thickness of the charge injection layer, p is the volume 
resistivity of the charge injection layer, r 0 is the diameter of each dot. 

The capacity Q, of the dot zone of the dielectric layer 2b in the 
depth direction is represented by: 

Cv = e(jt (r 0 /2) 2 )/d 2 ...(8) 
wherein d 2 is the thickness of the dielectric layer and e is the dielectric 
constant of the dielectric layer. 

In Fig. 26(A), assuming that there is a circle of which radius is a 
distance between the center of one dot and the middle of a distance from 
the dot to an adjacent dot, the inside of the circle except the dot is referred 
to as the peripheral zone of the dot. In this state, the resistance in a 
direction of white arrow of a cylinder having a very small thickness dr as 
shown in Fig. 26(B) is represented by: 

dR = p d r / (rc (2r + r 0 ) d t ) ... (9) 
The resistance R h of the peripheral zone is represented by: 
R h =/d R = 2 p / (jt d0 x l n (1 + h I r 0 ) ... (10) 
Values from r = 0 to V 2 are integrated. 

The capacity C h of the peripheral zone of each dot in the depth 
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direction of the dielectric layer is represented by: 
C h = (jt e 1> 2 / (4d 2 )) x (1 + 2 ro/ li) ... (11) 
Accordingly, the following is a conditional expression for potential 
difference: 

1/ (R v Cv) - 1/ (R h C h ) > | V on -V off | /( | V | At) 
wherein V is electrode voltage, At is time taken for applying voltage, V on is 
injected potential, and V Q ff is potential between dots. From the above 
equations (7), (8), (10), and (11), the following equation can be obtained: 
d 2 / (e p dO x (1 - 2 d, 2 I (U 2 (1 + 2 r 0 / li) 1„ (1 + li / r 0 ))) 
>|V on -V off |/(|V|At) ...(12) 

Figs. 27(A)-27(C) show array patterns for arranging a plurality of 
writing electrodes 3b in the axial direction of the image carrier 2. 

The simplest array pattern for the writing electrodes 3b is shown in 
Fig. 27(A). In this pattern, a plurality of rectangular writing electrodes 3b 
are aligned in one row extending in the axial direction of the image carrier 
2 as shown in Fig. 27(A). In this case, among the writing electrodes 3b, a 
predetermined number (eight in the illustrated example) of writing 
electrodes 3b are connected to and thus united by a driver 11 which 
controls the corresponding electrodes 3b by switching the supply voltage 
between the predetermined voltage or the ground voltage. Plural units of 
writing electrodes 3b are aligned in the same row extending in the axial 
direction of the image carrier 2. 

However, when the rectangular electrodes 3b are simply aligned in 
one row extending in the axial direction of the image carrier 2 just like this 
pattern, there should be clearances between adjacent electrodes 3b. 
Portions of the surface of the image carrier 2 corresponding to the 
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clearances can not be subjected to the application or removal of charge. 
Therefore, in the array pattern for the writing electrodes 3b shown in Fig. 
27(B), the writing electrodes 3b are each formed in triangle and are 
alternately arranged in such a manner that the orientations of the adjacent 
electrodes 3b are opposite to each other. In this case, the electrodes are 
arranged such that ends of the triangle bases of adjacent electrodes which 
are opposed to each other are overlapped with each other in a direction 
perpendicular to the axial direction of the image carrier 2 (the rotational 
direction of the image carrier). The design of partially overlapping adjacent 
electrodes in the direction perpendicular to the axial direction of the image 
carrier 2 can eliminate such portions that are not subjected to the 
application or removal of charge as mentioned above, thereby achieving 
application or removal of charge relative to the entire surface of the image 
carrier 2. It should be noted that, instead of triangle, each electrode 3b may 
be formed in any configuration that allows adjacent electrodes to be 
partially overlapped with each other in the direction perpendicular to the 
axial direction of the image carrier, for example, trapezoid, parallelogram, 
and a configuration having at least one angled side among sides opposed to 
adjacent electrodes 3b. 

In the array pattern for the writing electrodes 3b shown in Fig. 
27(C), the writing electrodes 3b are each formed in circle and are aligned 
in two parallel rows (first and second rows) extending in the axial direction 
of the image carrier 2 in such a manner that the writing electrodes 3b are 
arranged in a zigzag fashion. In this case, the electrodes are arranged such 
that electrodes which are in different rows but adjacent to each other are 
partially overlapped with each other in the direction perpendicular to the 
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axial direction of the image carrier 2. Also this array pattern can eliminate 
such portions in the surface of the image carrier 2 that are not subjected to 
the application or removal of charge as mentioned above, thereby 
achieving application or removal of charge relative to the entire surface of 
the image carrier 2. In this example, plural units are each formed of a 
predetermined number of electrodes 3b some of which are in the first row 
and the other are in the second row by connecting these electrodes 3b to 
one driver 11 and are aligned parallel to the axial direction of the image 
carrier 2. The respective drivers 11 are disposed on the same side of the 
corresponding electrodes 3b. 

Now, other embodiments of the image forming apparatus of the 
present invention will be described. Fig. 28(A) is a schematic illustration 
showing the function of a charge injection layer 2a through application or 
removal of charge of the writing electrodes 3b of the writing device 3, and 
Fig. 28(B) is a graph showing the relation between the voltage applied to 
electrodes and the surface potential of the charge injection layer. 

As shown in Fig. 28(A), as voltage V is applied to a writing 
electrode 3b, injection of negative (-) charge is conducted directly from a 
lower voltage side to a higher voltage side between the writing electrode 
3b and the charge injection layer 2a. This means that charge is applied to 
or removed from the charge injection layer 2a via the charge injection. 
During this, as shown in Fig. 28(B), the surface potential of the charge 
injection layer 2a is proportional to the voltage V applied to the electrode 
3b so that charge is injected in proportion to the applied voltage. 

In the example shown in Figs. 20(A), 20(B), after the voltage V 
applied to the writing electrode is increased and reaches to a discharge 
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starting voltage V th , charge is transferred from the periphery of the 
electrode through the gaps to the surface of the dielectric layer by 
discharge phenomenon, thereby achieving the transfer of charge to the 
dielectric layer. It should be understood that since the dielectric layer is 
insulative, charge injection does not take place relative to the dielectric 
layer even though the writing electrode is in contact therewith. If the 
voltage applied to the electrode is increased until charge is injected, the 
insulating property is broken, that is, the property of the dielectric layer is 
altered. Therefore, the writing method of electrostatic latent image by 
charge injection described with reference to Figs. 28(a), 28(b) has an 
advantage of allowing the employment of a power source of low voltage. 

Fig. 29 is a schematic illustration for explaining a problem of the 
embodiment shown in Figs. 28(A), 28(B). As described in the above, when 
an electrostatic latent image pattern of which resolution is 400 dpi is 
written by using the writing electrodes 3b, the writing electrodes 3b should 
be very small electrodes of 25.4 mm / 400 = 63 \im in diameter. This 
means that the size of writing electrodes to be used should be smaller as 
the resolution is increased. Therefore, as shown in Fig. 29, there are 
problems that crosstalk (short between the electrodes 3b) may be occurred 
and that it may be impossible to write high resolution images if the size 
control of conductive aggregates g is not conducted. Therefore, the size of 
the conductive aggregates g is required to be smaller than the distance LI 
between electrodes in order to prevent crosstalk and the distance L2 
between adjacent conductive aggregates is required to be smaller than the 
width of each electrode in order to secure the injection of charge by 
ON/OFF of the electrodes. 
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[Example] 

(1) Writing Head 

The diameter of each electrode is 60 \im and the distance between 
adjacent electrodes is 60 [xm. 

(2) Charge Injection Layer 2a 

Titanium dioxide Tj0 2 treated to have conductivity (available from 
Titan Kogyo FLIC, Trade code: FC-300) and polyamide resin (available 
from Namariichi Chemical Industrial Co., Ltd., Trade code: FR-104) were 
mixed with each other using ethanol as a solvent. The mixing ratio by 
weight was (titanium dioxide/polyamide resin) = 60%. The mixed liquid 
was agitated by a agitating rod (for 15 minutes), then coated on a dielectric 
layer 2b, and dried (in a vacuum dryer at 150 °C for 3 hours), thereby 
forming a charge injection layer 2a. The outer surface was observed. As a 
result of the observation, the average diameter of dispersed aggregates of 
Ti0 2 was 12 \im and the distance between adjacent aggregates was 15 \im. 

(3) Dielectric layer 2b and Conductive Substrate 2c 

A dielectric layer of 200 \im in thickness was formed by 
polycarbonate resin on an aluminium tube. 

(4) An image was formed by using the image carrier and the writing 
electrodes at a process speed 30 mm/sec. A dot pattern with dot diameter 
of 60. [Am and interval of 60 \im was successfully formed. 

[Comparative Example] 

This comparative example was the same as the above example, 
except that the agitating time was 1 minute during the formation of a 
charge injection layer in step (2). In this case, the average diameter of 
dispersed aggregates was 80 \xm and the distance between adjacent 
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aggregates was 100 [im. An image was formed by using the image carrier 
and the writing electrodes at a process speed 30 mm/sec. A dot pattern 
with dot diameter of 60 |xm and interval of 60 |xm was unsuccessfully 
formed with 44% blanks. As the formation of image was repeated, 
crosstalk was caused so that some electrodes were burned. 

Hereinafter, description will now be made as regard to concrete 
examples of the image forming apparatus employing the writing device of 
the present invention of which the electrode portion 3b is arranged in 
contact with the image carrier 2 to write an electrostatic latent image onto 
the image carrier 2. 

Figs. 30(A) and 30(B) show examples of the image forming 
apparatus employing the writing electrodes of the present invention, 
wherein Fig. 30(A) is an illustration showing an image forming apparatus 
with a cleaner, and Fig. 30 (B) is an illustration showing an image forming 
apparatus without a cleaner, that is, it is a cleaner-less image forming 
apparatus. 

The image forming apparatus 1 shown in Fig. 30(A) is a 
monochrome image forming apparatus, a substrate 3a of a writing device 3 
extends from the upstream toward the downstream in the rotational 
direction of an image carrier 2, and writing electrodes 3b are fixed to the 
end of the substrate 3a. A cleaning device 21 is arranged at a downstream 
side than a transferring device 6 in the rotational direction of the image 
carrier 2. A charge control device 7 may be arranged between the writing 
device 3 and the cleaning device 21, but not illustrated. In case of no 
charge control device 7, a new latent image is substituted on the former 
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latent image, but the number of parts and the apparatus size can be reduced 
because of the elimination of the charge control device 7. 

In the monochrome image forming apparatus 1 having the 
aforementioned structure, after the surface of the image carrier 2 is made 
into the uniformly charged state by the charge control device 7, the writing 
electrodes 3b of the writing device 3 write an electrostatic latent image by 
applying charge to or removing charge from the surface of the image 
carrier 2. The latent image on the image carrier 2 is subsequently 
developed with developing powder by the developing roller 4a of the 
developing device 4, which is spaced apart from the image carrier 2, to 
form a developing powder image. Then, the developing powder image on 
the image carrier 2 is transferred to a receiving medium 5 by the 
transferring device 6. Residual developing powder on the image carrier 2 
after the transfer is removed by a cleaning blade 21a of the cleaning device 
21 and cleaned surface of the image carrier 2 is uniformly charged by the 
charge control device 7 again. The image forming apparatus 1 can be 
manufactured to have a smaller size and simple structure because it 
employs the writing device 3 of the present invention. 

The image forming apparatus 1 shown in Fig. 30(B) is similar to 
the image forming apparatus 1 shown in Fig. 30(A), but without the 
cleaning device 21, that is, it is a cleaner-less image forming apparatus. In 
the image forming apparatus 1 of this example, the developing roller 4a of 
the developing device 4 is in contact with the image carrier 2 so as to 
conduct contact developing. 

In the image forming apparatus 1 having the aforementioned 
structure, the surface of the image carrier 2 is made into the uniformly 
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charged state by the charge control device 7, not shown, together with 
residual developing powder on the image carrier after the former transfer. 
Then, the writing electrodes 3b of the writing device 3 write an 
electrostatic latent image on the surface of the image carrier 2 and on the 
residual developing powder by applying charge to or removing charge 
from the surface of the image carrier 2 and the surface of the residual 
developing powder. By the developing device 4, the latent image is 
developed. During this, by selectively charging the writing electrodes 3b to 
have the same polarity as the original polarity of the developing powder 8, 
residual developing powder on non-image portions of the image carrier 2 
is charged into the polarity by the writing electrodes 3b so as to move 
toward the developing device 4, while residual developing powder on 
image portions of the image carrier 2 still remains on the image carrier 2 as 
developing powder for subsequent developing. By transferring the residual 
developing powder on the non-image portions toward the developing 
device 4 as mentioned above, the surface of the image carrier 2 can be 
cleaned even without the cleaning device 21. In particular, a brush may be 
arranged at a downstream side than the transferring device 6 in the 
rotational direction of the image carrier 2, but not illustrated. In this case, 
the residual developing powder can be scattered to be uniformly 
distributed on the image carrier 2 by this brush, thus further effectively 
transferring the residual developing powder on the non-image portions to 
the developing device 4. 

The other actions for forming an image of the image forming 
apparatus 1 of this example are the same as those of the image forming 
apparatus 1 shown in Fig. 30(A). Employment of the writing device 3 of 
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the present invention achieves reduction in size and simplification of the 
structure of the image forming apparatus 1. Particularly, since it is a 
cleaner-less image forming apparatus without the cleaning device 21, 
further simple structure can be achieved. 

Fig. 31 is an illustration schematically showing another example of 
the image forming apparatus employing the writing device according to the 
present invention. The image forming apparatus 1 of this example is an 
image forming apparatus for developing full color image by superposing 
developing powder images in four colors of black K, yellow Y, magenta M, 
and cyan C on an image carrier 2 where in the image carrier is in an 
endless belt-like form. This endless belt-like image carrier 2 is tightly held 
by two rollers 22, 23 and is rotatable in the clockwise direction in Fig. 31 
by a driven roller, i.e. one of the rollers 22, 23. 

Writing devices 3 K , 3 Y , 3 M , 3 C and developing devices 4 K , 4 Y , 4 M , 
4 C for the respective colors are arranged along a straight portion of the 
endless belt of the image carrier 2, in the order of colors K, Y, M, C from 
the upstream of the rotational direction of the image carrier 2. It should be 
understood that the developing devices 4 K , 4 Y , 4 M , 4 C may be arranged in 
any order other than the illustrated one. All of the respective writing 
electrodes 3b K , 3b Y , 3b M , 3b c of the writing devices 3 K , 3 Y , 3 M , 3 C are 
formed on flexible substrates 3a K , 3a Y , 3a M , 3a c as mentioned above. Also 
in the image forming apparatus of this example, a charge control device as 
mentioned above is disposed adjacent to a straight portion of the endless 
belt of the image carrier 2, at a side opposite to the side where the writing 
devices 3 K , 3 Y , 3 M , 3 C are arranged, but not illustrated. 

In the image forming apparatus 1 of this example having the 
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aforementioned structure, first an electrostatic latent image for black K is 
written on the surface of the image carrier 2 by electrodes 3b K of the 
writing device 3 K for black K. The electrostatic latent image for black K is 
then developed by the developing device 4 K so as to form a black 
developing powder image on the surface of the image carrier 2. An 
electrostatic latent image for yellow Y is subsequently written on the 
surface of the image carrier 2 and on the black developing powder image, 
already formed, by the electrodes 3b Y of the writing device 3 Y for yellow Y 
such that the electrostatic latent image for yellow Y is partly superposed on 
the black developing powder image. The electrostatic latent image for 
yellow Y is then developed by the developing device 4 Y so as to form a 
yellow developing powder image on the surface of the image carrier 2. In 
the same manner, an electrostatic latent image for magenta M is 
subsequently written on the surface of the image carrier 2 and on the black 
and yellow developing powder images, already formed, by the electrodes 
3b M of the writing device 3 M for magenta M such that the electrostatic 
latent image for magenta M is partly superposed on the black and yellow 
developing powder images. The electrostatic latent image for magenta M is 
then developed by the developing device 4 M so as to form a magenta 
developing powder image on the black and yellow developing powder 
images and the surface of the image carrier 2. Moreover, an electrostatic 
latent image for cyan C is subsequently written on the surface of the image 
carrier 2 and on the black, yellow and magenta developing powder images, 
already formed, by the electrodes 3b c of the writing device 3 C for cyan C 
such that the electrostatic latent image for cyan C is partly superposed on 
the black, yellow and magenta developing powder images. The 
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electrostatic latent image for cyan C is then developed by the developing 
device 4 C so as to form a cyan developing powder image on the black, 
yellow and magenta developing powder images and the surface of the 
image carrier 2. These developing powder images are toned. Then, these 
developing powder images are transferred to the receiving medium 5 by 
the transferring device 6 to form a multicolored developing powder image 
on the receiving medium 5. It should be understood that the developing 
powder of colors may be deposited in any order other than the 
aforementioned order. 

Accordingly, employment of the writing devices 3 of the present 
invention still achieves reduction in size and simplification of the structure 
of such a color image forming apparatus for forming a multicolored 
developing powder image by superposing and toning the developing 
powder images for the respective colors on an image carrier 2. 

Fig. 32 is a view schematically showing still another example of 
the image forming apparatus employing the writing device according to the 
present invention. The image forming apparatus 1 of this example 
comprises image forming units 1 K , l c , 1m, 1y for the respective colors 
which are arranged in tandem in this order from the upstream in the 
feeding direction of a receiving medium 5. It should be understood that the 
image forming units 1 K , lc, 1m, 1y may be arranged in any order. The 
image forming units 1 K , lc, 1m, 1y comprise image carriers 2 K , 2 C , 2 M , 2 Y , 
writing devices 3 K , 3 C , 3 M , 3 Y , developing devices 4 K , 4 C , 4 M , 4 Y , and 
transferring devices 6 K , 6 C , 6 M , 6 Y , respectively. In the image forming units 
l K , lc, 1m, 1y of this example, but not shown, charge control devices 7 as 
mentioned above may be disposed on the upstream sides of the writing 
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devices 3 K , 3 C , 3 M , 3 Y in the rotational direction of the image carriers 2 K , 
2 C , 2 M , 2 Y , respectively. 

The actions of the image forming apparatus 1 of this example 
having the aforementioned structure will now be described. First in the 
image forming unit 1 K for black K, after the surface of the image carrier 2 K 
is uniformly charged by the charge control device 7 for black K, an 
electrostatic latent image for black K is written on the surface of the image 
carrier 2 K by the electrodes 3b K of the writing device 3 K . The electrostatic 
latent image for black K is then developed by the developing device 4k so 
as to form a black developing powder image on the surface of the image 
carrier 2 K . The black developing powder image on the image carrier 2 K is 
transferred to the receiving medium 5 by the transferring device 6 K 
supplied so as to form a black developing powder image on the receiving 
medium 5. Subsequently, in the image forming unit l c for cyan C, after the 
surface of the image carrier 2 C is uniformly charged by the charge control 
device 7 for cyan C, an electrostatic latent image for cyan C is written on 
the surface of the image carrier 2 C by the electrodes 3b c of the writing 
device 3 C . The electrostatic latent image for cyan C is then developed by 
the developing device 4 C so as to form a cyan developing powder image on 
the surface of the image carrier 2 C . The cyan developing powder image on 
the image carrier 2 C is transferred to the receiving medium 5 by the 
transferring device 6 c , supplied and already having the black developing 
powder image thereon, such that the cyan developing powder image is 
formed to be partly superposed on the black developing powder image on 
the receiving medium 5. In the same manner, in the image forming unit 1 M 
for magenta M, an electrostatic latent image for magenta M is written on 
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the surface of the image carrier 2 M by the electrodes 3b M of the writing 
device 3 M and then developed by the developing device 4 M to form a 
magenta developing powder image, and the magenta developing powder 
image is transferred to the receiving medium 5 by the transferring device 6 
M such that the magenta developing powder image is formed and partly 
superposed on the developing powder images already formed on the 
receiving medium 5. After that, in the image forming unit 1 Y for yellow Y, 
an electrostatic latent image for yellow Y is written on the surface of the 
image carrier 2 Y by the electrodes 3b Y of the writing device 3 Y and then 
developed by the developing device 4 Y to form a yellow developing 
powder image on the image carrier 2Y, and the yellow developing powder 
image is transferred to the receiving medium 5 by the transferring device 
6 Y , thereby superposing the developing powder images for the respective 
colors to produce a toned multicolored developing powder image on the 
receiving medium 5. 

Accordingly, employment of the writing devices 3 of the present 
invention still achieves reduction in size and simplification of the structure 
of such a color image forming apparatus comprising image forming units 
Ik. lc, 1m, 1y for the respective colors arranged in tandem. 

Fig. 33 is a view schematically showing further another example of 
the image forming apparatus employing the writing device according to the 
present invention. In the image forming apparatus 1 of the example shown 
in Fig. 32 comprising the image forming units 1 K , lc> 1m, 1y for the 
respective colors which are arranged in tandem, respective color 
developing powder images formed on the image carriers 2 K , 2 C , 2 M , 2 Y of 
the image forming units 1 K , l c , 1 M , 1 Y are transferred to the receiving 
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medium 5 at every unit 1 K , lo 1m, ly. In the image forming apparatus 1 of 
this example, however, the respective color developing powder images are 
temporally transferred to another medium before transferred to the 
receiving medium 5 as shown in Fig. 33. That is, the image forming 
apparatus 1 of this example is different from the image forming apparatus 
1 of the example shown in Fig. 32 by including an intermediate 
transferring device 24. The intermediate transferring device 24 comprises 
an intermediate transferring member 25 taking the form as an endless belt. 
This intermediate transferring member 25 is tightly held by two rollers 26, 
27 and is rotated in the counter-clockwise direction in Fig. 33 by the drive 
of one of the rollers 26, 27. 

Image forming units 1 K , lo 1m, 1y are arranged along a straight 
portion of the intermediate transferring member 25. Further, the image 
forming apparatus 1 has a transferring device 6 disposed adjacent to the 
roller 27. The other structures of the image forming apparatus l of this 
example are the same as those of the image forming apparatus 1 of the 
example shown in Fig. 32. 

In the image forming apparatus 1 of this example having the 
aforementioned structure, developing powder images for the respective 
colors are formed on the image carriers 2 K , 2 C , 2 M , 2 Y in the same manner 
as the image forming apparatus 1 of the example shown in Fig. 32, and the 
developing powder images for the respective colors are transferred to the 
intermediate transferring member 25 to be superposed and toned on each 
other in the same manner as the case of transferring developing powder 
images to the receiving medium 5 as shown in Fig. 32. The developing 
powder images for the respective colors temporally transferred to the 
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intermediate transferring member 25 are transferred to the receiving 
medium 5 by the transferring device 6 so as to form a multicolored 
developing powder image on the receiving medium 5. The other actions of 
the image forming apparatus 1 of this example are the same as those of the 
image forming apparatus 1 of the example shown in Fig. 32. 

Accordingly, employment of the writing devices 3 of the present 
invention still achieves reduction in size and simplification of the structure 
of such a color image forming apparatus comprising an intermediate 
transferring device 24 and image forming unit 1 K , l c , 1m> 1y for the 
respective colors arranged in tandem. 



